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"matter"  which  could  not  be  discovered  by  the  examina- 
tion of  bodies  which  liad  never  lived, 
ue  of  It  would  not  be  a  hard  task  to  give  chapter  and  verse 
eri-  for  the  assertion  that  the  experimental  method  has,  especi- 
^^'^\  ally  in  these  later  times,  supplied  the  chief  means  of  progress 
'  in  physiology  ;  but  it  would  be  a  long  task,  and  we  may 
content  ourselves  with  calling  attention  to  what  is  in  many 
respects  a  ty^iical  case.  We  referred  a  short  time  back  to 
the  phenomena  of  "  inhibition."  It  is  not  too  much  to  say 
that  the  discovery  of  the  inhibitory  function  of  certain 
nerves  marks  one  of  the  most  important  steps  in  the  pro- 
gress of  physiology  during  the  past  half-century.  The 
mere  attainment  of  the  fact  that  the  stimulation  of  a 
nerve  might  stop  action  instead  of  inducing  action  con- 
stituted in  itself  almost  a  revolution  ;  and  the  value  of  that 
fact  in  helping  us  on  the  one  hand  to  unravel  the  tangled 
jjuzzles  of  physiological  action  and  reaction,  and  on  the 
other  hand  to  push  our  inquiries  into  the  still  more  diffi- 
cult problems  of  molecular  changes,  has  proved  immense. 
One  cannot  at  the  present  time .  take  up  a  physiological 
memoir  covering  any  large  extent  of  ground  without  find- 
ing some  use  made  of  inhibitory  processes  for  the  purpose 
of  explaining  physiological  phenomena. 

Now,  however  skilfully  we  may  read  older  statements 
between  the  lines,  no  scientific — that  is,  no  exact — know- 
ledge of  inhibition  was  possessed  by  any  physiologist  until 
Weber,  by  a  direct  experiment  on  a  living  animal,  dis- 
covered the  inhibitory  influence  of  the  pneumogastric 
nerve  over  the  beating  of  the  heart.  It  was  of  course 
previously  known  that  under  certain  circumstances  the 
beating  of  the  heart  might  be  stopped ;  but  all  ideas  as  to 
how  the  stoppage  was  or  might  be  brought  about  were 
vague  and  uncertain  before  Weber  made  his  experiment. 
That  experiment  gave  the  clue  to  an  exact  knowledge,  and 
it  is  difficult,  if  not  impossible,  to  see  how  the  clue  could 


PART  II.— NERVOUS  SYSTEM. 


To  supplement  the  foregoing  general  sketch  some  detailed  account 
must  be  given  of  the  physiology  of  the  several  functious.  Nutrition 
(q.v.)  has  received  separate  treatment ;  a  sketch  of  the  "Nervous 
System  "  is  now  appended  ;  and  Kespiratiox  and  RiirKODUCTiox 
will  be  dealt  with  in  tlieir  places. 

However  complex  may  be  the  anatomical  arrangements  in  man 
and  the  liigher  animals,  the  nervous  system  consists  essentially  of 
three  portions  :  (1)  central  masses  of  nervous  matter,  or  ganglia, 
coustitutiug  the  brain  and  spinal  cord,  and  containing  invariably 
nerve-cells  ;  (2)  peripheral  or  terminal  arrangements,  existing  in 
the  organs  of  sense,  in  muscle,  and  in  electric  organs  ;  and  (3)  nerves, 
or  internuucial  cords  connecting  the  central  with  the  peripheral 
organs.  The  nerves  may  be  regarded  as  conductors  of  a  mode  of 
energy  which,  for  want  of  a  better  term,  is  termed  "nerve-force," 
originating  either  in  the  nerves  themselves  on  the  application  of  a 
stinmlus  or  in  the  terminal  organs  or  in  the  central  organs.  Thus, 
if  a  nerve  be  irritated  at  any  point  of  its  course,  a  change  is  set 
up  in  the  nerve-fibres  at  the  point  of  irritation,  and  this  change  is 
propagated  along  the  nerve-fibres  to  a  central  or  terminal  organ,  thus 
producing  a  characteristic  ])henomenon, — it  may  be  a  sensatio]i  of 
pain  or  of  pleasure,  an  involuntary  movement,  the  contraction  of  a 
muscle,  or  a  discharge  of  electricity.  Again,  the  stimulus  may  act 
on  a  terminal  organ,  such  as  the  retina,  setting  up  a  change  which  is 
then  propagated  or  conveyed  to  the  brain  by  the  optic  nerve,  there 
giving  rise  to  a  sensation  of  light  or  colour.  Finall}',  the  nervous 
action  may  originate  in  a  central  organ,  as  is  the  case  when  a  vol- 
untary movement  is  made.  The  voluntary  impulse,  in  this  instance, 
originates  in  the  brain  ;  a  eliange  passes  along  nerve-fibres  from  the 
brain  to  the  muscles,  and  as  a  result  the  muscles  contract.  We 
have  therefore  to  discuss  the  general  pro]ierties  and  modes  of  action 
of  nerves,  terminal  organs,  and  central  organs. 

1. — Nerves. 

c-  Structure  of  Kerocs. — A  general  descrijition  of  the  structure  of 
of  nerves  and  of  nerve -fibres  will  be  found  in  vol.  i.  p.  859  sq.; 
es.  but^  there  are  a  few  points  of  physiological  importance  still  to  be 
noticed.  Two  kinds  of  nerve-fibres  exist  in  the  body,  white  or 
meduUatod  fibres,  so  called  because  each  fibre  has  a  sheath  indi- 
cated by  a  double  contour  (see  fig.  1),  and  the  pale  or  non-medul- 
lated.    The  meduUated  nerve -fibres  form  the  white  part  of  the 


have  been  gained  otherwise  than  by  experiment ;  other 
experiments  have  enabled  us  to  follow  u^)  the  clue,  so  that 
it  may  with  ju.stice  be  said  that  all  that  part  of  the  recent 
progress  of  })hysiology  which  is  due  to  the  introduction  of 
a  knowledge  of  inhibitory  jjrocesses  is  the  direct  result  of 
the  experimental  method,  liut  the  story  of  our  know- 
ledge of  inhibition  is  only  one  of  the  innumerable  instances 
of  the  value  of  this  method.  In  almost  every  department 
of  physiology  an  experiment  or  a  series  of  experiments 
has  proved  a  turning-point  at  which  vague  nebulous  fancies 
were  exchanged  for  clear  decided  knowledge,  or  a  starting- 
point  for  the  introduction  of  wholly  new  and  startling 
ideas.  And  we  may  venture  to  repeat  that  not  only  must 
the  experimental  method  be  continued,  but  the  progress  of 
physiology  will  chiefly  depend  on  the  increased  application 
of  that  method.  The  more  involved  and  abstruse  the 
problems  become,  the  more  necessary  does  it  also  become 
that  the  inquirer  should  be  able  to  choose  his  own  con- 
ditions for  the  observations  he  desires  to  make.  Hajipily, 
the  experimental  method  itself  brings  with  it  in  the  course  of 
its  own  development  the  power  of  removing  the  only  valid 
objection  to  physiological  exi)eriments,  viz.,  that  in  certain 
cases  they  involve  pain  and  suffering.  For  in  nearly  all  ex- 
periments pain  and  suffering  are  disturbing  elements.  These 
disturbing  elements  the  present  imperfect  methods  are  often 
unable  to  overcome ;  but  their  removal  will  become  a  more 
and  more  pressing  necessity  in  the  interests  of  the  experi- 
ments themselves,  as  the  science  becomes  more  exact  and 
exacting,  and  will  also  become  a  more  and  more  easy  task 
as  the  progress  of  the  science  makes  the  investigator  more 
and  more  master  of  the  organism.  In  the  physiology  of 
the  future  pain  and  suffering  will  be  admissible  in  an  ex- 
periment only  when  pain  and  suffering  are  themselves  the 
object  of  inquiry.  And  such  an  incjuiry  will  of  necessity 
take  a  subjective  rather  than  an  objective  form.    (m.  f.) 

brain,  ipinal  cord,  and  nerves.  They  vary  in  diameter  from  the 
T-ETioth  to  the  T-j-rufrth  of  an  inch,  and  when  of  very  small  size  often 
show  varicosities  or  swellings.    Each  fibre  consists  of  three  parts  : 

(1)  an  external  sheath,  or  primitive  sheath  ; 

(2)  within  this  the  medullary  sheath  or 
white  substance  of  Schwann;  and  (3)in  the 
centre  au  axial  fibre,  the  cylinder  axis  of 
Purkinje,  or  band  of  Remak.  The  axis- 
cylinder  in  a  fresh  nerve  seems  to  be 
homogeneous  ;  but  with  high  powers  and 
proper  illumination,  and  more  especially 


Fig. 

Fig.  1.— (1)  Medullated  nerve-fibres,  sliowing  double  contoiir ; 
fibre  in  wliich  A  is  primitive  membrane,  B  medullary  sheath,  C  axial  cylin- 
der protruding  beyond  the  broken  end  of  the  fibre  ;  (3)  transverse  section 
through  medullated  fibres  of  a  nerve  showing  axial  cylinder  in  each  fibre. 
Between  the  fibres  is  the  interfibrous  connective  tissue. 

Fig.  2.— Medullated  nerve  -  fibres.  A,  medullated  nerve-fibre,  showing  sub- 
division of  medullary  sheath  into  cylindrical  sections  imbricated  with  their 
ends  ;  a  nerve-corpuscle  with  an  oval  nucleus  is  seen  between  neurilemma 
and  medullary  sheath  ;  B,  medullated  nerve-fibre  at  a  node  or  constriction 
of  Ranvier ;  the  axis-cylinder  passes  uninterruptedly  from  one  segment  into 
the  other,  but  the  medullary  sheath  is  interrupted.  '  (Key  and  Retzius.) 

by  the  action  of  perosmic  acid,  it  is  seen  to  be  formed  of  extremely 
fine  fibrilla\  It  is  continuous  from  end  to  end  of  the  nerve. 
The  medullary  sheath  shows  at  certain  intervals  interruptions 
called  the  "  nodes  of  Ranvier  "  (see  fig.  2).  In  the  middle  of  each 
internode  an  oval  nucleus  is  found  in  the  medullaiy  sheath.  The 
pale  or  non-medullated  fibres,  sometimes  called  the  "fibres  of 
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Remak,"  are  found  chiefl}' in  branches  of  the  sympatlietic  nerre. 
They  have  no  double  contour,  and  they  often  give  off  branches 
which  anastomose,  a  condition  never  found  in  the  course  of  medul- 
lated  nerves.  If  the  axis-cylinder  of  a  nerve-fibre  be  traced  in- 
wards to  a  nerve-centre  it  is  found  to  end  in  the  pole  or  process  of 
a  nerve-cell,  whilst  in  the  periphery  it  ends  in  a  terminal  organ,  in 
muscle,  blood-vessel,  glaud,  skin,  or  electric  organ.  It  may  there- 
fore be  presumed  that  the  axis-rod  is  the  conducting  and  so  far  the 
essential  constituent  of  the  nerve-fibre. 
Chemi-  Cheraical  Constitution. — Little  is  known  of  the  chemical  con- 
cal  con-  stitution  of  the  nerve-fibre.  The  medullary  matter  contains  fatty 
stitution.  substances  such  as  lecithin  (C44H9QNPO9).  The  axis-rod  appears  to 
contain  albuminous  substances.  Cholesterin  (Co8H440-fH.20)  and 
creatin  (C4H9N3O2)  have  been  obtained  from  nerves  along  with  a 
small  amount  of  gelatin  and  a  homy  matter,  neurokeratin  (Her- 
mann). Nerves  contain  about  30  percent,  of  water.  Their  reaction 
to  test-paper  is  neutral.  Nothing  is  known  regarding  the  chemical 
changes  occurring  in  a  nerve-fibre  during  a  state  of  activity,  nor  of 
the  chemical  products  formed  at  that  time.  It  has  been  stated  that 
a  nerve  becomes  acid  after  death  (Funke). 

As  to  the  micro-chemistry  of  tlie  neryous  elements,  it  may  be  stated  tliat  the 
axis-cylinder  contains  an  albuminous  substance  different  from  myosin ;  it  gives 
a  red  colour  on  boiling  with  Milton's  reagent  (an  acid  nitrate  of  mercury) ;  it 
is  dissolved  in  weak  solutions  of  ammonia,  caustic  potash,  and  chloride  of 
sodium;  it  is  hardened  by  solutions  of  chromic  acid,  bichromate  of  potash, 
and  corrosive  sublimate  ;  it  reduces  the  chloride  of  gold  ;  and  it  .shows 
transverse  markings  on  the  action  of  nitrate  of  silver.  The  white  substance 
of  Schwann  is  blackened  by  perosmic  acid  and  is  soluble  in  alcohol,  ether,  and 
oil  of  turpentine,  thus  .showing  its  fatty  character.  T^lie  primitive  .sheath 
is  a  substance  of  a  collagenous  nature, — that  is,  it  yields  gelatin  on  boiling. 
According  to  some,  digestion  in  gastric  or  pancreatic  juice  leaves  an  insoluble 
matter  like  that  found  after  the  digestion  of  corneal  or  epidermic  tissues,  and 
hence  called  "neurokeratin." 

Excita-  Excitability. — The  special  property  of  a  nerve -fibre  is  termed 
bility.  "  excitability."  Every  kind  of  living  protoplasmic  matter  is  irrit- 
able,— that  is,  it  resjionds  in  some  way  to  a  stimulus.  Thus,  if  a 
morsel  of  protoplasm,  such  as  an  amoeba  or  a  cartilage-cell  or  a 
white  blood-corpuscle,  be  stimulated  mechanically  or  by  shocks  of 
electricity,  it  will  contract  or  change  its  form.  Again,  if  living 
muscular  fibre  be  thus  stimulated  it  also  will  contract.  This  pro- 
perty of  responding  to  a  stimulus  is  termed  "irritability";  and  in  the 
structures  mentioned  the  property  is  manifested  by  movement  as 
the  obvious  phenomenon,  but  it  is  well  known  that  more  obscure 
phenomena  follow  the  application  of  the  stimulus.  In  the  case  of 
living  nerve  there  is  irritability  also, — that  is,  the  nerve  responds 
to  a  stimulus  ;  but  in  a  portion  of  isolated  nerve  no  change  is 
visible.  If,  however,  the  nerve  be  connected  at  one  end  with  its 
appropriate  central  or  terminal  organ  we  may  have  evidence  of 
something  having  been  transmitted  along  the  nerve.  Thus  there 
may  be  sensation  or  movement,  or  both.  Nerves  are  more  irritable 
than  contractile  matter,  and  the  term  "excitability"  is  applied  to  the 
special  irritability  of  nerve.  The  same  strength  of  stimulus  will 
act  more  powerfully  on  a  nerve  than  on  a  muscle  (Rosenthal).  The 
use  of  the  term  "property"  in  physiology  does  not  imply  the  idea  of 
any  kind  of  inherent  force  or  entity,  but  simply  that,  in  the  case  of 
muscle  and  nerve,  irritation  is  followed  by  certain  phenomena  seen 
anly  in  living  matter. 

(1.)  The  excitability  of  nerves  is  affected  by  certain  conditions. 
Injury  to  the  nerve,  the  application  of  caustics,  and  diying  quickly 
destroy  it.  AVhen  a  nerve  is  divided  the  excitability  is  increased 
for  a  short  time,  then  rajjidly  diminishes,  and  finally  disappears 
near  the  point  of  section.  The  end  of  the  nerve  still  connected 
with  central  organs  undergoes  these  changes  in  excitability  more 
quickly  than  the  portion  cut  off.  As  shown  by  Augustus  Waller, 
when  a  nerve  is  separated  from  its  central  organ,  such  as  the  grey 
matter  of  the  spinal  cord  for  the  motor  roots,  and  the  ganglia  on 
the  posterior  roots  for  the  sensory  roots,  the  end  of  the  nerve  sepa- 
rated from  the  centre  undergoes  fatty  degeneration.  If,  however, 
the  cu.t  ends  of  the  nerve  be  brought  into  accurate  contact,  union 
soon  takes  place.  Surgeons  have  frequently  observed  a  return  of 
sensibility  to  a  part  within  a  few  days  after  the  sensory  nerve  had 
been  divided  and  the  cut  ends  again  brought  into  contact.  Con- 
tinued or  excessive  activity  of  a  nerve  soon  lowers  and  may  abolish 
excitability,  thus  producing  exhaustion.  On  the  other  hand,  a 
lengthened  period  of  absolute  repose  lowers  excitability,  and  if  the 
nerve  be  inactive  beyond  a  certain  time  it  wastes,  becomes  thinner, 
and  fatty  degeneration  occurs  in  its  substance.  Heat  increases, 
whilst  cold  diminishes,  excitability.  In  the  case  of  frogs'  nerves 
temperatures  above  45°  C.  destroy  excitability  the  more  rapidly  as 
they  approach  70°,  at  which  point  it  is  almost  instantaneously 
destroyed.  Below  45°  a  rise  of  temperature  first  increases  and 
then  diminishes  excitability,  and  it  has  been  observed  that  whilst 
increasing  its  intensity  it  diminishes  its  duration  (Afanasieff, 
Hermann).  Finally,  a  diminished  supply  of  blood  quickly  causes 
a  fall  of  excitability. 
Stimuli  (2.)  Nerves  maj"-  be  excited  by  various  kinds  of  stimuli:  {a) 
of  nerves,  mechanically,  as  by  intermittent  pressure,  beating,  section,  prick- 
ing, &c. ;  (&)  thermally,  by  variation  of  temperature  ;  (c)  chemically, 
by  the  application  of  such  substances  as  acids,  alkalis,  or  metallic 


salts  ;  (fZ)  electrically,  by  continuous  or  induced  currents  ;  and 
(c)  normally,  bj'  changes  in  the  central  or  terminal  organs. 
Mechanical  irritation  is  applied  during  life  when  the  trunk  of  a 
nerve  is  pressed  upon.  Radiant  heat  acts  on  the  nerves  of  the 
skin,  or  heat  may  be  applied  by  conduction  from  a  hot  body  in 
contact  with  the  surface.  Little  is  known  as  to  the  specific  efiects 
of  heat  on  the  nerves  of  the  human  being.  In  the  frog  it  has 
been  found  that  a  temperature  of  from  34°  to  45°  C.  stimulates  the 
motor  nerves ;  about  40°  C.  sudden  alterations  of  temperature  may 
cause  twitching  of  the  connected  muscles  (Hermann).  Many 
chemical  substances  in  sufficient  concentration  ^^•ill  quickly  destroy 
a  nerve ;  but  if  they  are  in  weak  solutions  the  result  ma}-  be  stimu- 
lation. Thus,  concentrated  solutions  of  the  mineral  acids,  alkalis, 
alkaline  salts,  concentrated  lactic  acid,  and  concentrated  glycerin 
may  act  as  strong  stimulants  (Kiihne). 

(3.)  The  influence  of  electrical  stimulation  of  nerves  demands 
more  elaborate  description.  The  effects,  as  already  indicated,  can 
be  observed  only  when  the  nerve  is  connected  with  a  muscle  or 
with  a  central  organ.  In  the  first  case  electrical  stimulation  is 
followed  by  contraction  of  the  muscle,  in  the  second  by  a  sensation 
if  the  central  organ  is  the  brain.  Consequently  we  have  to  consider 
the  phenomena  following  electrical  stimulation  (a)  of  a  motor 
nerve  and  (&)  of  a  sensory  nerve. 

{a.)  Electrical  Stimulation  of  a  Motor  Kcrvc. — A  perfectly  con- 
stant current  of  electricity,  of  moderate  quantity  and  intensity, 
floxrag  through  a  portion  of  nerve  produces  no  evident  effect  on 
the  muscle,  but  any  variation  in  the  intensity  or  densit}'  of  the 
current  causes  irritation,  and  the  muscle  gives  a  twitch.  The 
effect  is  most  apparent  when  the  current  is  allowed  to  flow  into 
the  nerve  and  when  it  is  suddenly  cut  off',  or,  in  other  words,  at 
the  moment  of  opening  and  of  closing  the  circuit.  The  rajiiditj' 
with  which  the  variation  in  the  density  of  the  current  is  effected 
also  has  an  important  influence.  Thus  the  shocks  of  frictional 
electricity  stimulate  strongly,  because,  although  the  amount  of 
electricity  is  small,  the  currents  are  extremely  rajiid  in  appearing 
and  disappearing.  In  like  manner  the  quick  shocks  from  induction- 
coils  produced  by  rapidly  opening  and  closing  the  jirimary  circuit 
are  strongly  stimulating.  Again,  a  very  powerful  current  may 
jiass  through  a  nerve  without  exciting  it,  if  it  pass  gradually. 
Occasionally  a  very  weak  current  sent  through  a  portion  of  nei've 
will  cause  a  contraction,  whilst  a  very  strong  current  maj-  fail  to 
do  so.  In  fact,  the  phenomenon  of  contraction  of  a  muscle  is 
influenced  (a)  by  the  direction  and  (/3)  by  the  strength  of  the 
current  sent  through  the  nerve.  When  the  current  is  transmitted 
from  the  muscle  in  the  direction  of  the  spinal  cord  it  is  called  an 
"upward"  or  "centripetal"  current,  when  from  the  cord  in  the 
direction  of  the  muscle  it  is  called  a  "  downward  "  or  "  centrifugal " 
current.  Its  strength  is  gi-aduated  by  employing  small  Grove's 
cells,  one  cell  giving  a  weak  current,  two  or  three  giving  a  medium 
current,  and  four  to  six  or  seven  a  strong  cun-ent.  To  graduate  its 
amount  more  precisely  resistance-coils  may  be  introduced  into  the 
circuit,  or  we  may  employ  a  rheochord,  by  which  a  portion  of  the 
current  is  shunted  back  to  the  battery,  whilst  the  remainder  is 
allowed  to  pass  to  the  nerve.  In  the  circuit  a  key  or  inteiTupter 
is  interposed,  and  so  arranged  that  when  the  key  is  opened  the 
current  is  broken  or  interrupted,  and  when  the  key  is  closed  the 
circuit  is  completed  and  the  current  passes  to  the  nerve.  With 
these  arrangements,  and  employing  the  sciatic  nerve  of  a  frog 
attached  to  the  limb,  the  following  results  are  readily  obtained. 
Current  Strength.  Key. 
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Upward  Current. 

Weak.  Close.  Contraction. 

Weak.  Open.  Best. 

Medium.  Close.  Strong  contraction, 

jyiedium.  Open.  Strong  contraction. 

Strong.  Close.  Rest. 

Strong.  Open.  Very  strong  contraction. 


Vomivrard  Cttrrent. 
Contraction. 
Best. 

Strong  contraction. 
Strong  contraction. 
Rest. 

Contraction. 


That  is  to  say,  on  beginning  with  a  very  feeble  current  neither 
opening  nor  closing  causes  a  contraction,  but  on  strengthening  it 
up  to  a  certain  point  contraction  appears  first  on  closing,  whilst 
opening  produces  no  effect.  By  increasing  the  strength  of  the 
current  a  contraction  is  obtained  both  on  opening  and  on  closing 
the  key,  and  by  and  by,  when  a  certain  strength  of  current  is 
reached,  the  closing  contraction  becomes  weaker  and  finally  dis- 
appears, leaving  only  a  contraction  on  opening  the  key.  Thus  the 
effects  of  a  strong  current  are  usually  the  reverse  of  those  caused 
by  a  weak  current.  These  facts,  usually  included  under  the  term 
"Pfliiger's  Law  of  Contraction,"  have  been  specially  investigated 
by  Pfliiger,  and  the  following  is  the  explanation  ofl^'ered  by  him 
and  generally  accepted  by  physiologists. 

Suppose  that  the  sciatic  nerve  of  a  frog  connected  with  the  isolated  limb  is 
stretched  over  two  wires  passing  from  the  positive  and  negative  ]ioles  of  a  com- 
bination of  Grove's  elements,  -nith  the  distance  of  an  inch  and  a  half  Ijetvveen 
the  wires.  If  a  key  be  interposed  in  the  circuit  a  current  mil  thus  pass  along 
one  and  a  half  inches  of  nerve  when  the  key  is  closed,  and  lie  cut  ofi  wlien  the 
key  is  opened.  By  having  also  a  coinmut-ator  or  reverser  in  the  circuit  we  can 
send  the  current  vip  or  down  the  nerve  at  plea.sure.  Arrangements  can  also 
be  made  for  irritating  the  nerve  by  another  couple  of  wires  coming  from  an 
induction-raacliine,  either  near  the  negative  or  near  the  positive  pole  of  the 
current  coming  from  the  Grove's  elements.  It  will  then  be  found  that  near 
the  negative  pole  the  excitability  of  the  nerve  is  increased,  whilst  near  the 
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positive  pole  it  is  climinislieil,— that  is  to  say,  a  stimulus  from  the  induction-coil, 
not  sufficient  to  excite  the  nerve  so  much  as  to  cause  a  muscular  contraction  if 
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applied  near  the  positive  pole,  will  at  once  do  so  if  applied  near  the  negative 
pole  ;  or,  a  stimulus  so  strong  as  to  cause  tetanus  in  the  muscle  when  applied 
near  the  negative  pole  may  produce  no  effect  when  applied  near  the  positive 
pole.  In  other  words,  the  nerve  near  the  negative  pole  is  more  excitable  than 
in  the  normal  state,  whilst  near  the  positive  pole  it  is  less  so,  indicating  that 
at  least  one  of  the  physiological  properties  of  the  nerve  has  been  changed  by 
the  action  of  the  continuous  current.  But  a  nerve-fibre  has  also  tlie  i>riiperty 
of  conducting  the  effects  of  an  impression,  or  the  nerve-force  travels  w  itli  a 
certain  velocity  along  a  nerve,  as  will  be  shown  lower  down.  It  has  been  ascer- 
tained that  near  the  negative  pole  the  rate  of  conductivity  is  increaseil,  whilst 
near  the  positive  pole  it  is  diminished.  Finally,  a  piece  of  living  nerve,  when 
connected  with  the  terminals  of  a  galvanometer,  so  that  the  one  terminal 
touches  the  surface  whilst  the  other  touches  the  transverse  section  of  the  nerve, 
shows  the  existence  of  a  current  of  electricity  travelling  from  the  surface  cjf 
the  nerve  through  the  galvanometer  to  the  transverse  section,— that  is,  the 
surface  is  positive  to  the  transverse  section.  This  condition  is  also  modified 
by  the  transmission  through  the  nerve  of  a  continuous  current,  so  that  the 
difference  of  potential  is  increased  near  the  positive  pole  and  diminished  near 
the  negative.    These  results  are  thus  summed  up. 


State  of  Nerve. 

Functions  of  Nerve. 

Near  positive  pole 
Near  negative  pole 

Electromotive  force. 
Increased 
Diminished 

Conductivity. 
Diminished 
Increased 

Excitability. 
Diminished 
Increased 

The  properties  of  the  nerve,  therefore,  are  altered  by  the  passage  through  it 
of  a  continuous  current,  and  the  altered  condition  Is  termed  the  "  electrotonic 
state,"  the  condition  in  the  neighbourhood  of  the  positive  pole,  or  anode,  being 
termed  "anelectrotonic,"  whilst  that  near  the  negative  pole  or  katode  is  called 
"  katelectrotonic. "  A  certain  portion  of  nerve  near  each  pole  is  thrown  during  the 
passage  of  a  continuous  current  into  these  conditions  of  anelectrotonus  and  of 
katelectrotonus,  whilst  the  amount  of  nerve  thrown  into  the  one  condition  or 
the  other  depends  on  the  strength  of  the  current.  Further,  there  is  always  be- 
tween the  two  poles  a  point  of  indifference,  in  which  the  properties  of  the  nerve 
seem  to  be  unaltered,  and  the  position  of  this  point  depends  on  the  strength 
of  the  current.  Thus,  with  a  current  of  medium  strength  the  point  is  midway 
between  the  poles  ;  with  a  weak  current  the  point  is  near  the  positive  pole, — 
that  is,  a  large  portion  of  the  nerve  near  the  negative  pole  is  in  the  katelectro- 
tonic state  in  which  the  excitability  is  increased  ;  and  with  a  strong  cuiTent 
the  point  is  near  the  negative  pole, — that  is,  a  large  portion  of  the  nerve  near 
the  positive  pole  is  in  the  anelectrotonic  state  in  which  the  excitability  is 
diminished.  Now,  according  to  Pfliiger,  the  stimulating  effect  of  closing  the 
current  occurs  at  the  katode  only,  whilst  the  stimulating  effect  of  opening  the 
current  occurs  at  the  anode  only,  or  a  nerve  is  stimulated  by  a  current  on  the 
appearance  or  increase  of  katelectrotonus,  on  closing  the  circuit,  or  by  the 
disappearance  or  diminution  of  anelectrotonus  on  opening  the  circuit.  If  we 
suppose  that  this  depends  on  the  modification  of  excitability  near  the  negative 
pole,  by  the  molecules  of  the  nerve  becoming  more  mobile,  the  matter  is  in- 
telligible. Thus  the  passage  of  the  molecules  from  the  normal  stable  con- 
dition to  the  katelectrotonic  less  stable  condition  acts  as  a  stimulus,  whilst 
the  passage  backwards  has  no  effect.  On  the  other  hand,  the  passage  from  the 
more  stable  condition  in  anelectrotonus  to  the  normal  stable  condition  acts  as 
a  stimulus,  whilst,  again,  the  reverse  action  has  no  effect.  This  explains  why 
it  is  that  a  weak  current  gives  contraction  on  closing,  because  on  closing  a 
large  portion  of  the  ner\-e  near  the  negative  pole  passes  from  the  normal  into 
the  katelectrotonic  state,  and  tliis  acts  as  a  stimulus.  On  the  other  hand,  a 
strong  current  causes  contraction  on  opening,  because  on  opening  a  large  por- 
tion of  nerve  near  the  positive  pole  passes  back  from  the  anelectrotonic  state 
into  the  normal  state,  and  this  acts  as  a  stimulus.  Again,  with  cun-ents  of 
medium  strength,  as  both  states  are  equally  produced,  there  is  contraction 
both  on  opening  and  on  closing.  Thus  Pfiiiger's  theory  accounts  for  most  of 
the  facts  ;  but  its  weak  point  is  tliat  no  reason  can  be  given  why  a  nerve  is 
stimulated  only  by  the  appearance  of  katelectrotonus  and  by  the  disappearance 
of  anelectrotonus.  It  remains  only  to  add  that  currents  passing  transversely 
through  nerves  produce  no  stimulating  effect.  In  ascending  currents  the 
shorter  the  piece  of  nerve  between  the  electrodes  the  greater  the  stimulating 
effect,  whereas  in  descending  currents  the  reverse  holds  good  (Hennann). 
!C-  (b. )  Electrical  Stimulation  of  Sensory  Nerves. — The  effect  of  stim- 

:al      iilating  sensory  nerves  as  distinguished  from  the  direct  stimulation 
aula-  of  sensory  or  terminal  organs  has  not  been  sufficiently  studied,  but, 
tt  of    so  far  as  is  known,  the  laws  seem  to  be  the  same  as  those  relating 
isory   to  motor  nerves.    When  a  sensory  nerve  is  stimulated  the  test  must 
Tes.    be  the  resulting  sensation.    As  stimulation  of  the  motor  nerve  in  tlie 
condition  of  anelectrotonus  or  of  katelectrotonus  may  or  may  not  be 
followed  by  a  contraction,  so  stimulation  of  the  sensory  nerve  may 
or  may  not  be  followed  by  a  sensation,  or  the  character  of  the  sensa- 
tion may  vary  just  as  the  muscular  contraction  may  be  weak  or 
strong.    Further,  Bonders  has  shown  that  electrical  stimulation  of 
the  vagi  or  pneumogastric  nerves  is  attended  by  analogous  pheno- 
mena, so  far  as  the  movements  of  the  heart  are  concerned.    In  this 
case,  however,  as  will  be  shown  lower  down  in  discussing  the  pheno- 
mena of  nervous  inhibition,  the  result  is  not  movement  but  arrest 
of  movement. 

ipolar  (c.)  Chmmeau' s  B^searches  on  Unipolar  Excitation. — Chauveauhas 
ita-  studied  the  comparative  influence  of  the  two  poles  of  any  arrange- 
1.  ment  supplying  a  continuous  current, — that  is,  he  has  tried  the 
stimulating  effect,  supposing  either  the  positive  or  the  negative 
pole  be  applied  to  the  nerve  whilst  the  other  is  in  contact  with 
another  part  of  the  body.  He  has  found,  amongst  other  more 
abstruse  and  less  practical  results,  that  there  is  in  each  case  a 
certain  intensity  of  current  corresponding  to  the  physiological  con- 
dition of  the  nerve  by  which  the  influence  of  one  pole  is  the  same 
as  that  of  the  other.  If  the  intensity  of  the  current  be  below  this 
medium  strength  the  eff'ect  of  the  negative  pole  on  motor  nerves  is 
greater  than  that  of  the  positive  ;  but,  if  the  intensity  be  above,  the 
reverse  is  the  case,  — that  is,  tke  positive  pole  is  the  stronger  excitant. 
In  the  case  of  sen.sory  nerves  Chauveau  found  that  application  of 
the  negative  pole  with  a  moderately  strong  current  was  more  jiainful 
than  application  of  the  positive  pole.   Thus  the  influence  of  unipolar 


excitation  with  a  strong  current  on  motor  nerves  is  the  reverse  of 
that  on  sensory  nerves, — that  is,  the  positive  pole  is  the  more 
powerful  on  motor  nerves,  the  negative  pole  on  sensory  nerves. 

{d.)  Production  of  Tetanus. — Tetanus  or  cramp  of  a  inusele  is  Produc- 
produced  when  its  nerve  is  stimulated  by  successive  irritations  tion  of 
at  intervals  so  short  that  the  muscle  has  no  time  to  relax  between  tetanus, 
them,  and  consequently  it  passes  into  a  state  of  more  or  less  firm 
contraction.  A  single  muscular  contraction  may  be  called  a  twitch 
of  the  muscle,  but  in  tetanus  or  crarnp  the  individual  contractions 
are  fused  together  so  as  to  maintain  a  rigid  state  of  the  muscle 
for  some  time.  A  rapid  series  of  induction  shocks,  each  of  short 
duration,  always  produces  tetanus,  even  if  they  are  sent  to  the 
muscle  at  the  rate  of  15  per  second.  A  continuous  current,  on  the 
other  hand,  usually  causes  contraction  only  at  the  moment  of  open- 
ing and  closing  the  circuit,  but  occasionally  tetanus  may  be  seen 
during  the  passage  of  the  current.  Tetanus  during  the  passage  of  a 
constant  current  has  been  attributed  to  electrolytic  changes  in  the 
nerve.  Pfliiger  holds  that  this  is  a  normal  production  of  tetanus 
and  may  be  seen  even  with  feeble  currents  ;  but  certainly  it  is  very 
difficult  to  demonstrate.  Long  ago  Kitter  showed  that,  if  a  constant 
current  of  sufficient  intensity  be  sent  up  a  nerve  for  a  considerable 
time,  say  half  an  hour,  and  then  be  suddenly  inteiTupted,  tetanus 
lasting  for  eight  or  ten  seconds  may  be  seen,  which  disappears  on 
again  closing  the  cun-ent.  Hitter's  tetanus,  according  to  Pfliiger, 
is  really  due  to  the  stimulation  caused  by  the  disappearance  of  an- 
electrotonus, which  occurs,  as  we  have  seen,  when  the  current  is 
opened,  and  the  proof  he  offers  is  that  the  tetanus  disappears  when 
the  muscle  is  cut  off  from  the  anelectrotonic  portion.  Tetanus 
may  also  be  caused  by  the  mechanical  irritation  of  the  nerve,  or 
by  heat,  or  by  chemical  substances. 

Nervous  Conductivity.  — ^When  a  nerve  is  irritated  at  any  point  Nervous 
in  its  course  a  change  is  produced  which  is  propagated  along  the  conduct- 
nerve, —  that  is,  the  nerve  conducts,  and  the  phenomenon  is  called  ivity. 
the  "nerve-current."  The  velocity  of  transmission  can  be  measured 
only  by  the  use  of  delicate  apparatus,  as  the  time  occujiied  is  too 
short  to  directly  affect  consciousness.  For  example,  when  the  tip 
of  the  finger  is  touched  the  mind  apparently  perceives  the  contact 
without  any  loss  of  time.  But  it  can  be  shown  that  an  ajijireciable 
interval  of  time  elapses  between  the  instant  the  finger  is  touched 
and  the  instant  the  mind  perceives  the  impression.  During  this 
time  a  change  passes  along  the  nerve  from  the  jioint  touched  to  the 
brain.  The  method  usually  employed  for  determining  the  velocity 
of  the  nei-ve-current  consists  in  preparing  the  ga.strocnemius  muscle 
of  a  frog  with  the  sciatic  nerve  attached,  and  connecting  it  with  a 
recording  apparatus,  so  that  if  the  muscle  be  caused  to  contract  by 
instating  the  nerve  the  record  of  the  contraction  may  be  made  on 
a  rapidly-moving  surface.  If,  then,  the  nerve  be  irritated  in  two 
consecutive  experiments,  first  close  to  the  muscle,  and  secondly  at 
a  distance  from  it,  and  the  muscle  be  caused  to  contract  in  each  case, 
it  will  be  found  that  it  does  not  contract  so  soon  when  the  nerve  is 
irritated  at  a  distance  from  the  muscle  as  when  it  is  irritated  close 
to  it ;  in  other  words,  if  the  nerve  be  irritated  at  a  distance  from 
the  muscle  the  transmission  of  the 
nervous  impression  from  the  point 
irritated  to  the  muscle  occupies  an 
appreciable  time.  If,  then,  we  know 
the  length  of  nerve  between  the  two 
points  initated,  we  can  determine 
the  length  of  time  the  nerve-current 
took  in  passing  along  that  distance 
of  nerve. 

(1.)  ileasitrement  of  Velocity  in  Motor 
Nerves. — Many  ingenious  methods  have 
been  devised  for  this  purpose,  but  the  ■ 
simplest  is  the  use  of  the  "spring  inyo- 
graphion  "  of  Du  Bois-RejTnond (see  fig.a). 
Tlie  apparatus  consists  of  a  smoked-glass 
plate,  which  is  driven  in  front  of  the  re- 
cording stylet  of  the  myograph  by  the 
recoil  of  a  steel  spring  C. "  Underneath 
the  frame  carrying  the  glass  plate  are  two 
binding  screws  1  and  2,  to  one  of  which 
is  attached  a  rectangular  arm  of  brass 
1,  which  can  so  move  horizontally  as  to 
establish  metallic  connexion  between  the 
two  binding  screws  (marked  Break,  F). 
By  means  of  these  binding  screws  the 
myograph  is  interposed  in  the  circuit  of 
a  galvanic  element  and  the  primary  coil 
I  of  an  induction-machine,  and  the  brass 
arm  is  so  placed  as  to  connect  both  bind-  nnnuin  pro  ccn 
ing  screws,  thus  completing  the  circuit.  ^"OVIB.PER  SEC;  ; 
From  underneath  the  frame  carrying  the  r\r\r\r\r\r\r\r\'r\r 
smoked-glass  plate  there  descends  a  small  „.ir,„Xw     ^  VV;  W  W  Vl/  U 
flange,  which  (when  the  glass  plate,  by  RAPIDITY  OF  NERVE  CURRENT 
releasing  a  catch  not  seen  in  the  figure,  pio.  3.-Diagram  showing  arrange- 
but  close  to  C,  IS  driven  across  by  the     ment  of  apparatus  in  nieasuring 
spiral  spring  from  left  to  right)  pushes     rapidity  of  nerve-cuiTent. 
the  brass  arm  aside  and  thus  interrupts 

the  circuit  of  the  primary  coil.  Wlien  this  occurs  an  opening  shock  is  trans- 
mitted from  the  secondary  coil  II  to  a  eoniniutator  E,  an  instrument  by 
which  electric  cuiTents  may  be  transmitted  to  Ihe  nerve  either  at  a  point 
close  to  the  muscle  at  A,  or  at  a  distance  from  it  at  B.  Suppose  the  ap- 
paratus all  arranged  so  as  to  send  the  shock  to  the  nerve  at  a  point  close 
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to  tlie  muscle  A,  the  muscle  stimulated  contracts,  and  draws  by  means  of 
the  stylet,  on  the  smoked  surface  of  tlie  glass,  the  curve  seen  in  the  lower 
part  of  it  at  A.  This  leaves  the  horizontal  line  (which  would  be  drawn  by 
the  stylet  were  the  muscle  at  rest)  at  A.  Arrangements  are  then  made  for 
another  experiment,  in  which  tlie  nerve  will  be  stimulated  at  a  distance  from 
the  muscle,  at  the  point  B  in  the  upper  jiart  of  the  diagram.  This  is  done 
by  again  placing  the  smoked-glass  plate  in  proper  position,  closing  the  primary 
circuit  by  the  brass  arm  at  the  binding  screws,  as  already  described,  and  re- 
versing the  commutator  so  as  to  send  the  shock  along  the  wires  to  B.  The 
muscle  again  contracts  when  the  primary  circuit  is  opened,  and  tliis  time  it 
describes  on  the  smoked  surface  the  curve  B,  seen  to  the  left  of  the  curve  A. 
It  will  be  perceived  that  this  curve  leaves  the  horizontal  line  at  B,— that  is,  a 
little  later  than  when  the  nerve  was  stimulated  close  to  the  muscle.  It  follows, 
therefore,  that  the  distance  on  the  horizontal  line  from  A  to  B  represents  the 
time  occupied  by  the  transmission  of  the  nervous  impulse  from  B  to  A  of  the 
nerve.  With  suitable  arrangements,  the  rate  of  movement  of  the  glass  plate  can 
be  measured  by  bringing  into  contact  with  it  a  marker  on  one  of  the  prongs  of 
a  vibrating  tuning-fork.  The  waves  thus  recorded  enable  the  experimenter  to 
measure  with  accuracy  the  rate  of  movement  of  the  glass  plate,  and  conse- 
quently the  minute  interval  of  time  between  A  and  B.  In  the  diagram  it  will 
be  observed  that  there  are  2J  waves  between  A  and  B  ;  each  represents  jj^th 
of  a  second ;  therefore  the  s^jth  of  a  second  is  the  time  represented  by  the 
distance  A,  B ;  or,  in  other  words,  the  Ath  of  a  second  was  occupied  by  the 
nerve-current  in  passing  along  the  portion  of  nerve  from  B  to  A. 

(2.)  Measurement  of  Velocity  in  Sensory  Nerves. — Suppose  a  sensory  nerve  to  be 
excited  in  the  hand  ;  the  theory  of  nervous  conduction  is  that  a  change  is  pro- 
pagated along  the  nerve  to  the  brain,  and  that  in  the  brain  the  molecular 
changes  occur  which  result  in  a  sensation.  The  individual  having  the  sensa- 
tion may  feel  it  and  make  no  sign  by  which  any  one  else  might  be  made  aware 
that  he  has  felt  it,  or  the  subject  of  the  sensation  might,  by  a  muscular  move- 
ment, such  as  the  motion  of  an  arm,  let  any  one  else  see  that  he  has  felt  the 
sensation.  We  have  no  means  of  knowing  whether  or  not  an  individual  has 
felt  a  sensation  except  by  the  individual  making  some  kind  of  gesture  or 
muscular  movement.  Now  it  is  clear  that,  if  we  regard  the  brain  as  the  seat 
of  the  changes  resulting  in  sensation,  the  nearer  any  stimulated  portion  of 
skin  is  to  the  brain  the  sooner  will  the  brain  feel  and  respond  to  the  stimulus. 
Thus,  if  the  skin  on  the  big  toe  of  the  right  foot  be  stimulated,  the  effect  of  the 
stimulus  passes  to  the  brain  and  there  calls  forth  a  sensation,  but  if  the 
stimulus  be  applied  to  the  skin  at  the  top  of  the  thigh  it  is  evident  the  efleet 
has  to  pass  along  a  shorter  length  of  nerve  and  that  the  sensation  in  the  brain 
will  be  aroused  sooner.  If  we  suppose  that  in  each  case  the  individual  who  is 
the  subject  of  the  experiment  indicates  the  moment  he  feels  the  sensation, 
and  that  the  instant  the  stimulus  is  applied  successively  to  the  skin  on  the 
toe  and  on  the  tliigh  is  also  accurately  recorded,  it  is  clear  that  he  will  signal 
the  sensation  of  stimulation  of  the  toe  a  little  later  than  when  he  signals  stimu- 
lation of  the  skin  on  the  thigh,  and  that  the  difference  will  indicate  the  time 
required  by  the  change  in  the  nerve  to  pass  along  the  length  of  nerve  from 
the  toe  to  the  thigh.  In  the  observation  it  is  assumed  that  the  time  required 
for  the  changes  in  the  brain  resulting  in  sensation  and  volition,  for  the  trans- 
mission along  the  motor  nerve,  and  for  the  muscular  contraction  required  to 
signal  is  the  same  in  each  experiment.  Thus,  supposing  the  total  time  between 
the  moment  of  stimulating  to  the  moment  when  the  signal  that  the  sensation 
has  been  felt  and  responded  to  is  x,  it  is  clear  that  this  time  is  composed  of  o, 
the  time  required  for  the  passage  of  the  nerve-current  in  the  first  experiment 
from  the  toe  to  the  brain,  of  b,  the  time  required  for  the  changes  in  the  brain 
involved  in  sensation  and  volition,  and  of  c,  the  time  required  for  the  trans- 
mission along  the  motor  nerves  and  for  the  muscular  contraction  to  move  the 
signal, —that  is,  x=a+b+c.  But,  if  the  time  between  the  moment  of  stimu- 
lating the  thigh  to  tlie  moment  of  signalling  be  shorter,  and  supposing  that  h 
and  c  are  constant,  then  a  varies  according  to  the  length  of  the  nerve.  Suppose 
the  difference  of  time  between  the  registration  of  stimulating  at  the  toe  and 
at  the  thigh  to  be  y,  then  in  the  second  experiment  x=a-y+h+c, — that  is, 
j/  =  the  time  occupied  by  the  passage  of  the  nerve-current  from  the  toe  to  the 
thigh.  This  method  has  also  been  used  to  measure  the  time  required  for 
signalling  a  nervous  impression  in  various  circumstances,  or  what  is  usually 
called  the  "  reaction  period."  The  most  convenient  apparatus  for  the  purpose 
is  a  chronograph  made  by  Konig  of  Paris,  the  instrument  being  fully  described 
in  M'Kendrick's  Outlines  of  Physiology,  pp.  538-542. 

The  general  result  of  measurements  made  by  tliese  methods  is 
that  the  nerve-current  travels  slowly  compared  with  the  velocity 
of  electricity  or  of  light.  In  the  motor  nerves  of  the  frog  the 
velocity  is  about  87  feet  (26  to  27  metres)  per  second,  and  in  man 
and  warm-blooded  animals  somewhat  faster,  115  to  130  feet  (35  to 
40  metres)  per  second.  The  results  as  to  velocity  in  sensory  nerves 
vary  from  50  to  100  metres  per  second.  Cold  retards,  heat  accel- 
erates, the  velocity.  As  already  stated,  the  velocity  is  also  retarded 
in  a  nerve  in  an  anelectrotonic,  and  accelerated  in  a  katelectrotonic 
state.  The  remarkable  point  is  that  the  transmission  of  the  nerve- 
current  is  slow,  and  that  events  appearing  to  our  consciousness 
instantaneous  require  a  considerable  time  for  their  occurrence.  It 
may  be  laid  down  as  a  general  truth  that  all  kinds  of  nervotts  actions, 
even  those  considered  as  purely  psychical,  require  time. 
Heat-  Production  of  Heat  by  Nerves.  — It  is  extremely  doubtful  whether 
produc-  the  jsroduction  of  heat  by  a  nerve  in  action  has  been  detected, 
tion  by  although  theoretically  one  would  expect  heat  to  be  so  produced, 
nerves.  Schiff  observed  an  increase  of  temjierature  on  tetanization  in  the 
nerves  of  warm-blooded  animals  that  had  been  artificially  cooled  ; 
on  the  other  hand,  Helmholtz  and  Heideuhain's  experiments  yielded 
only  negative  results. 

Electrical  Phenomena  of  Nerve. — When  a  jjiece  of  nerve  is  pro- 
perly brought  into  contact  with  the  terminals  of  a  sensitive  galvano- 
meter, a  current  flows  through  the  galvanometer  from  the  surface 
of  the  nerve  to  its  transverse  section  (see  fig.  4). 

If  metallic  conductors,  composed  (say)  of  zinc,  from  the  galvanometer  were 
brought  into  connexion  with  a  piece  of  nerve  removed  from  an  animal  newly 
killed,  little  or  no  current  would  be  obtained,  and  even  if  there  were  a  current 
it  might  be  due  to  contact  of  the  metallic  conductors  with  the  living  tissue 
exciting  electrolytic  decomposition.  Hence  it  is  necessary  to  have  a  fluid  in- 
terposed between  the  metal  and  the  animal  tissue,  say,  for  example,  the  zinc 
wire  or  plate  forming  the  terminals  of  the  galvanometer  is  immersed  in  a 
saturated  solution  of  sulphate  of  zinc.  But  as  sulphate  of  zinc  solution 
would  have  the  effect  of  irritating  the  living  muscle  it  is  necessary  to  have  an 
inactive  substance  between  the  tissue  and  the  sulphate  of  zinc  solution.  All 
these  conditions  are  fulfilled  by  the  non-polarizable  electrodes  of  Du  Bois- 


Reymond,  of  which  there  are  various  forms.  Two  zinc  troughs,  mounted  on 
insulating  plates  of  ^■ulcanite,  liave  the  inner  surfaces  carefully  amalgamated. 
These  are  tilled  with  a  saturated  solution  of  sulphate  of  zinc,  and  in  each 
trough  is  placed  a  small  cushion  of  clean  blotting  or  filter  paper,  which  quickly 
becomes  permeated  with  the  solution.  Finally,  a  small  plate  of  sculptor's 
clay,  or  kaolin,  moistened  with  a  half  per  cent,  solution  of  common  salt,  or, 


Fig.  4. — Diagram  of  apparatus  of  Du  Bois-Reymoiid  for  experiments  on  elec- 
trical condition  of  muscle  and  nerve,  o,  zinc  troughs,  mounted  on  pieces 
of  vulcanite  b  ;  c,  paper  pads  ;  d,  e,  small  pieces  of  moist  clay  ;  /  /,  binding 
screws  for  attaching  terminals  of  galvanometer  g.  A  small  piece  of  paper 
connects  d  and  e,  and  thus  completes  the  galvanometer  circuit.  (Wundt.) 

still  better,  with  saliva,  is  laid  on  each  paper  pad.  These  clay  pads  are  for 
guarding  the  tissue  I'rom  the  irritant  action  of  the  sulpliate  of  zinc.  Wires  are 
carried  from  the  troughs  to  the  galvanometer,  and  a  key  is  interposed  in  the 
circuit.  The  object  of  these  careful  arrangements  is  to  secure  tliat  no  current 
is  formed  by  the  apparatus  itself.  If  now-  a  small  piece  of  nerve  lie  so  placed 
on  the  clay  pads  that  the  transvei'se  section  touches  one  pad  and  the  longitudinal 
surface  the  other,  and  the  key  is  opened,  a  current  passes  through  the  galvano- 
meter, as  indicated  by  the  swing  of  the  needle.  Suppose  that  the  needle  is 
allowed  to  come  to  rest,  the  amount  of  deflexion  of  course  indicating  the 
strength  of  the  current,  and  the  nerve  is  now  in-itated  so  as  to  call  forth  its 
physiological  activity,  then  the  needle  swings  back  towards  zero.  This  back- 
ward swing  is  called  tlie  negative  variation  of  the  nerve-cun-ent.  Tlie  electro- 
motive force  of  the  current  obtainable  from  a  frog's  sciatic  nerve  is  about  "022 
of  a  volt,  and  somewhat  more  from  the  sciatic  nerve  of  a  i-abbit.  This  is  some- 
what less  than  the  electromotive  force  of  a  frog's  muscle,  which  varies  from  'OSo 
to  "OTo  of  a  volt.  According  to  the  views  of  Hermann,  the  negative  variation- 
current  is  a  true  current  indicating,  and  indeed  preceding,  the  physiological 
activity  of  the  nerve.  He  denies  that  the  currents  pre-exist  in  nerve  or  muscle, 
and  states  that  the  first  cuiTent  observed  when  the  nerve  is  laid  on  the  pads  is 
simply  due  to  the  lower  potential  of  the  transverse  section,  caused  by  the  rapid 
death  of  the  nerve-substance.  The  nerve-current  excited  by  a  series  of  irrita- 
tions, say  feeble  induction-cun-ents,  may  be  regarded  as  composed  of  a  wave- 
like  series  of  momentary  currents,  each  of  which  is  preceded  by  a  negative 
variation-current.  Thus  the  electrical  phenomena  of  nerve  are  similar  in  kind 
to  those  manifested  by  living  muscle. 

Nutrition  of  Nerves. —  Probably  nerves  are  nourished  by  the  Nutri- 
plasma  reaching  the  axis-cylinder  at  the  nodes  of  Ranvier  ;  but  it  tion  of 
would  ajijiear  from  the  researches  of  Waller  that  the  nutrition  of  nerves, 
the  nerve-fibre  is  influenced  by  the  nerve-cell  with  wliich  it  is  con- 
nected. The  so-called  "law  of  Waller "  is  well  illustrated  in  the  ■ 
case  of  division  of  the  roots  of  the  spinal  nerves.  Each  of  these 
nerves  has  two  roots, — a  posterior,  sensory,  on  which  there  is  a 
ganglion ;  and  an  anterior,  motor.  If  the  anterior  root  be  divided, 
in  the  course  of  a  few  days  the  end  of  the  nerve  cut  ofl:"  from  the 
spinal  cord  is  found  to  be  undergoing  degeneration,  whilst  the  end 
attached  to  the  cord  is  still  normal.  Again,  if  the  posterior  root  be 
divided  between  the  ganglion  and  the  cord,  the  end  remaining  in 
connexion  with  the  ganglion  remains  unaffected,  whilst  the  other 
end  undergoes  degeneration.  This  degeneration,  in  the  case  of  a 
motor  nerve,  affects  the  nerve  to  its  very  terminations.  The  axis- 
cylinder  disintegrates  into  drops  of  fatty  matter,  and  tlie  medullated 
structure  entirely  disappears.  It  is  well  known  that  when  a  nerve 
is  cut  the  ends  may  reunite  so  completely  as  to  ensure  a  return  of 
the  normal  function  in  from  two  to  five  weeks.  According  to 
Ranvier,  the  axis-cylinders  in  connexion  with  the  central  portion 
play  an  important  part  in  this  regeneration.  They  become  larger, 
striated,  and  by  and  by  form  new  axis-cylinders,  which  pass  into 
the  cicatricial  tissue  and  come  into  contact  with  the  other  end  of 
the  divided  nerve.  This  is  a  remarkable  conlirmation  of  the  view 
of  Waller  that  the  nutritional  activity  of  a  nerve  -  fibre  is  in  the 
direction  of  its  physiological  activity. 

Nature  of  Nerm-currents. — The  intrinsic  nature  of  the  change  Nerve- 
in  a  nerve-fibre  effected  by  a  stimulus  is  quite  unknown  ;  but  it  is  currents 
important  to  appreciate  clearly  the  view  that  a  nerve  is  both  a 
receiver  and  a  conductor  of  impressions.  It  can  be  stimulated  in 
any  part  of  its  course,  and  from  the  stimulated  point  some  kind  of 
change  is  propagated  along  the  nerve.  This  change  is  analogous 
to  the  passage  of  electricity  along  a  conductor,  or  to  the  rapid 
passage  onwards  of  a  series  of  chemical  decompositions,  as  when  a 
long  thin  band  of  gun-cotton  properly  prepared  is  seen  to  slowly 
bui'n  from  end  to  end,  or  to  the  quick  transmission  of  isomeric 
changes  ;  but  the  analogy  is  not  complete  in  any  case.  Whatever 
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the  change  may  bo,  however,  it  does  not  appear  to  pass  from  one 
nerve-fibre  to  another  running  alongside  of  it.  Each  fibre  con- 
ducts only  its  own  impression,  and  there  is  nothing  analogous  to  the 
inductive  effect  of  one  electrical  conductor  upon  an  adjacent  one. 
Another  question  much  debated  is  whether  sensory  and  motor 
nerves  act  in  the  same  way ;  or,  in  other  words,  is  there  any  essential 
difference  between  them?  There  appears  to  be  no  difference  in 
mode  of  action  ;  the  difference  in  the  effect  produced  depends  on 
the  apparatus  in  which  the  nerve  ends.  Thus  there  may  be  con- 
traction of  a  muscle  if  the  nerve  terminates  in  a  muscle,  change  of 
the  calibre  of  a  blood-vessel  if  the  nerve  ends  in  that  structure, 
secretion  from  a  gland  if  the  nerve  is  in  connexion  either  with  the 
vessel  or  the  nerve-cells  of  a  gland,  an  electrical  discharge  if  the 
nerve  ends  in  the  electrical  organ  of  a  Torpedo  or  Gijmnotus,  and  a 
feeling  or  sensation  if  the  nerve-fibres  go  to  a  sentient  brain.  In 
all  these  instances  the  nature  of  tlie  change  in  the  nerve  and  the 
mode  of  its  transmission  are  the  same,  and  the  results  are  differ- 
ent because  the  nerves  terminate  in  different  kinds  of  structure. 
It  would  appear  from  experimental  evidence  that,  when  a  nerve- 
fibre  is  irritated,  say  about  the  middle  of  its  length,  a  change  is 
simultaneously  propagated  towards  each  end  ;  but,  as  onlj'  one  end 
is  in  connexion  with  an  apparatus  capable  of  responding,  the  effect 
at  this  end  is  the  only  one  ol)served.  Thus,  if  a  motor  nerve  be 
irritated,  there  is  muscular  contraction,  in  consequence  of  the 
stimulus  rousing  the  muscular  substance  into  activity,  probably 
through  the  agency  of  the  end -plates  ;  but  there  will  be  at  the 
same  time  a  backward  wave  along  the  nerve  to  the  motor  centres 
in  the  cord  or  brain.  It  is  doubtful  whether  the  nerve-energy  be- 
comes weaker  or  gathers  intensity  as  it  passes  along  a  nerve  ;  but 
the  balance  of  evidence  is  in  favour  of  the  view  that  the  so-called 
"avalanche  theory"  of  Pfliiger,  according  to  which  the  energy 
gathers  intensity  as  it  passes  along,  is  incorrect. 

Classification  of  Nerves. — Functionally,  nerves  may  be  classified 
into  motor,  sensory,  vascular,  secretory,  and  inhibitory.  The 
original  meaning  attached  to  the  term  "motor"  nerve  was  a  nerve 
entirely  composed  of  fibres  by  the  excitation  of  which  influences 
were  conveyed  to  a  muscle  which  caused  the  muscle  to  contract. 
As  these  influences  passed  outwards  from  a  nerve-centre  towards 
the  periphery  of  the  body  they  were  also  termed  "  efferent "  nerves. 
On  the  other  hand,  nerves  were  found  which,  when  stimulated, 
gave  rise  to  sensations  of  pleasure  or  of  pain,  and  these  were  called 
"  sensory "  nerves.  Finally,  it  was  shown  that  a  third  class  of 
nerves  were  composed  both  of  sensory  and  of  motor  fibres,  and  they 
were  called  "  senso-motor  "  nerves.  Sensory  nerves  were  also  sub- 
divided into  those  of  general  and  those  of  special  sensibility.  This 
was  an  artificial  classification  based  on  the  fact  that  when  a  nerve 
of  so-called  special  sensibility,  such  as  the  optic,  was  stimulated  in 
any  way  the  same  kind  of  sensation  followed.  Thus  stimulation 
of  the  optic  nerve  by  cutting,  pricking,  pressure,  or  electricity  is 
always  followed  by  a  luminous  sensation.  But  the  progress  of 
research  showed  that  when  certain  nerve-fibres  were  stimulated  the 
result  was  not  necessarily  a  muscular  contraction  :  it  might  be 
contraction  of  a  blood-vessel,  modified  secretion  of  a  glantl,  or  a 
diminution  or  arrest  of  some  kind  of  nervous  action.  These  facts 
demand  another  classification  of  nerves  such  as  the  following. 

^1.  Motor,  sometimes  termed  efferent,  to  muscles, 
exciting  contraction. 
Seeretoru,  to  the  cells  of  glands,  causing  secre- 
tion, possibly  a  particular  kind  of  secretion. 
Vascular,  or  vaso-motor,  to  the  walls  of  blood- 
vessels, so  as  to  cause  contraction  (vaso-motor) 
•<        or  dilatation  (vaso-dilators,  or  vciso-iuhihitors). 
Inhibitory,  so  affecting  other  centres  of  nervous 
activity  as  to  moderate  or  neutralize  their 
action. 

5,  Electrical,  so  affecting  a  special  organ  as  to  call 
forth  electrical  discharges,  as  in  electric  fishes, 
^       Torpedo,  Gymnotus,  Malaptencrus,  &c. 

fa.  General,  conveying  to  nerve- 
centres  in  brain  influences 
which  cause  sensations  of  a 
vague  character,  scarcely 
perceptible  to  conscious- 
ness, and  not  permanent, 
as  from  lungs,  heart,  stom- 
ach, &c. 

b.  Special,  conveying  to  nerve- 
centres  in  brain  influences 
which  cause  visual,  audit- 
ory,  gustatory,  olfactory, 
or  tactile  sensations. 
Afferent,  or  reffci:,  conveying  to  nerve-centres  in- 
fluences which  usually  cause  no  sensation,  and 
which  may  or  may  not  be  followed  by  move- 
ments, secretions,  changes  in  calibre  of  vessels, 
V       &c.  . 
In  addition  there  are  nerve-fibres  connecting  nerve-cells  in  the  great  centres, 
to  which  no  special  functions  can  be  attributed. 

2. — Terminal  Ougaks. 
minal     Although,  as  has  been  shown,  a  nerve  may  be  stimulated,  in  any 
part  of  its  course,  the  stimulus  is  usually  applied  to  a  special 
structure  adapted  physiologically  for  the  reception  of  the  particular 
kind  of  stimulus.    Such  a  special  structure  may  be  termed  a 


Centrifugal,  or  Effer- 
ent, or  Motor,  convey- 
ing influences  outward: 
from  a  nerve-centre. 


Centripetal,  or  Affer- 
ent, or  Sensory,  con- 
veying influences  in- 
wards towards  a  nerve- 
centre. 


1.  Sensory,  caus- 
ing more  or  , 
less  acute^ 
sensations. 


"terminal  organ."  For  example,  in  the  mechanism  of  vision  (see 
Eye,  vol.  viii.  p.  821  sq.)  there  are  the  retina  or  terminal  organ, 
the  optic  nerve  or  conductor,  and  the  brain  or  a  portion  of  it,  the 
recipient  of  the  impression.  The  fibres  of  the  optic  nerve  arc  not 
affected  by  light,  but  when  they  are  mechanically  or  electrically 
irritated  the  result  is  a  luminous  sensation,  because  the  action 
of  the  fibres  of  the  optic  nerve  is  to  call  forth  in  the  brain  the 
mechanism  connected  with  luminous  sensations.  But  light  has  a 
specific  action  on  the  retina,  and  in  turn  the  activity  of  the  retina 
stimulates  the  fibres  of  the  optic  nerve.  The  retina  is  therefore  the 
terminal  organ  adapted  for  the  reception  of  rays  of  light.  In  lik(; 
manner,  each  sense  has  its  appropriate  terminal  apparatus,  and 
these  are  described  under  the  headings  of  the  various  senses,  Ear, 
Eye,  Smell,  Ta.ste,  Touch.  To  understand  the  true  nature  of 
nervous  action  it  is  necessary  to  be  clear  as  to  the  functions  of  the 
terminal  organs.  They  are  liberating  mechanisms.  They  do  not 
transform  the  outer  energy  into  the  physiological  energy,  nervous 
action  ;  but  they  call  it  into  action.  Thus  light  acting  on  the 
retina  is  not  directly  transformed  into  nervous  energy,  but  it 
excites  changes  in  the  retina,  which  in  turn  produce  activity  of  the 
optic  nerve.  The  structure  of  each  of  these  terminal  organs  need 
not  be  here  described,  but  it  may  be  stated  that  they  all  essentially 
consist  of  modified  epithelium-cells,  or  what  maybe  called  "nerve- 
epithelium."  In  tracing  their  development  throughout  the  animal 
kingdom  it  will  be  found  that  the  simplest  terminal  organs  are 
epithelium-cells  on  the  surface  of  the  body  ;  but  during  evolutionary 
progress  from  lower  to  higher  forms  these  cells  become  more  and 
more  modified  and  more  and  more  protected  by  descending  deeper 
into  the  structure  of  the  animal,  until  we  meet  with  the  complicated 
organs  of  special  sense  in  the  higher  animals.  Another  class  of  ter- 
minal organs  is  that  comprehending  the  forms  at  the  ends  of  motor 
nerves.  Such  are  the  end -plates  found  in  muscle,  and  described 
in  vol.  i.  pp.  861,  862.  The  different  modes  of  nerve-termination 
may  be  here  briefly  classified. 


Organ. 
Skin  (see  Touch) 


Touch,  pressure,  or 
temperature. 


Ear  (see  vol.  i.  p.  S94, 
and  vol.  vii.  p.  591). 

Eye  (see  vol.  i.  pp.  886 
and  888,  and  vol.  viii. 
p.  816). 

Nose  (see  Smell)   

Tongue  (see  Taste)   . . 

Muscles  (vol.  i.  p.  862) 

Glands   

Electric  organs(see  vol. 
xii.  pp.  649,  650). 


Terminal  Organ.  Effect. 
Tactile  cells  of  Merkel,  in  the  epi-' 
dermis. 

Tactile  corpuscles  of  Wagner  and 

Meissner,  in  papilla;  of  the  skin. 
End-bulbs  of  Krause,  in  conjunc- 
tiva, penis,  and  clitoris. 
Pacinian    bodies,    attached  to 

nerves  of  hand  or  foot,  or  in 

the  mesentery. 
Corpuscles  of  Grandry,  found  in 

bills  of  birds. 
Network  of  fibres,  as  in  cornea.  J 
Hair -cells,  supported  by  arches  Hearin; 

of  Corti,  and  connected  with 

the  basilar  membrane. 
Bods  and  cones  of  retina   Vision. 


Rods  and  olfactory  cells   Smell. 

Taste-buds  and  gustatory  cells . .  Taste. 
Motorial  end -plates  of  0oyei-e,  Motion. 

Kiihne,  Krause,  Ranvier,  <Sic. 
Nerve-endings  in  secreting  cells  Secretion. 

— Pfliiger  and  Kupffer. 
Lamina;  witli  free  cilia-like  pro-   Electric  discharge. 

cesses. 


3.— Central  Organs. 
A. — General  Physiology  of  Central  Organs. 
General  Structure. — The  central  organs  consist  of  a  special  kind 
of  cells  called  "nerve-cells,"  of  nerve-fibres,  both  medullated  and 
non-medullated,  and  of  a  variety  of  connective  tissue,  termed 
"neuroglia."    On  cutting  into  any  central  nervous  organ,  such  as 
the   spinal  cord  or 
brain,  two  kinds  of 
nervous  matter  are 
seen,  the  white  and 
the  grey.    The  grey 
consists    of    nerve  - 
cells,    nerve  -  fibres, 
and  neuroglia,  whilst 
the  white  is  com- 
posed    chiefly     of  ^ 
nerve -fibres  with  a 
small     amount  of 
neuroglia    and  no 
nerve-cells.  Nerve 

cells  vary  much  in  F'O.  5. — Various  forms  of  nerve -cells. 

form,  as  will  be  seen    fro'",.gi'ey  matter  of  spinal  cord  ;     d,  Upolar;ivom  of  j^'e^ve- 
,     .If  ,  ■      ,    n     p      ganglia  on  posterior  roots  of  spnial  nerves ;  c,  ff, -iou- 
D}'  relerring  to  iig.  o.    polar,  from  cerebellum  ;  g  shows  indications  of  a  ceils, 
process  coming  off  at  lower  end ;  e,  union  of  three 
multipolar  cells  in  spinal  cord  ;  /,  union  of  three 
tri polar  cells  in  grey  matter  of  cerebral  hemispheres. 

The  cells  of  the  spinal  ganglia  are  usually  rounded  ;  those  of  the 
sympathetic  more  angular  ;  those  of  the  spinal  cord  multipolar, — 
that  is,  having  many  ])rocesses  or  poles  connected  with  them  ;  those 
of  the  cerebrum  triangular  or  pyramidal  ;  and  those  of  the  cere- 


a,  mnltipolar,  Sliapes 


They  may  be  .spher- 
oidal, ovoidal,  or  ir- 
regularly triangular. 
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belkim  flask-shaped,  having  processes  at  each  end.  A  nerve-cell 
shows  a  large  clear  nucleus  and  a  small  nucleolus,  whilst  the  cell- 
substance  is  very  granular.  Some  observers  think  they  have  traced 
into  the  substance  of  the  cell  a  fibrillated  structure  from  the  axis- 
cylinder  of  the  nerve-fibre  ending  in  the  pole  or  process  ;  but  this 
is  doubtful,  and  the  appearance  may  be  accounted  for  by  the  action 
of  the  reagent  employed  and  by  the  gi-eat  difficulty  of  correctly 
interp)reting  optical  appearances  under  very  high  powers.  The 
neuroglia  is  a  delicate  interstitial  connective  substance  having 
small  connective-tissue  corpuscles  imbedded  in  it. 
Chemical  Clic.mical  Constitution  of  Grey  and  White  Matter. — This  is  still 
sub-  .  imperfectly  known,  and  tlirows  almost  no  light  on  the  functions  of 
stances  the  central  organs.  By  various  chemical  processes  the  following 
substances  have  been  obtained  from  nervous  matter :  cerebrin, 
lecithin,  albumin,  neurokeratin,  cholesterin  and  fats,  creatin, 
xanthin,  hypoxanthin,  inosite,  lactic  aci<l,  volatile  fatty  acids, 
salts,  and  water.  The  grey  matter  of  the  brain  is  distinguished 
chemically  from  the  white  chiefly  by  containing  more  water, 
albumin,  lecithin,  and  lactic  acid,  and  less  cholesterin,  fat,  and 
protagon  (Hermann).  Doubtless  many  of  these  substances  are  de- 
rived from  the  disintegration  of  a  more  complex  chemical  substance 
not  yet  isolated  in  a  pure  state  from  nervous  matter.  Peti'owsky 
gives  the  composition  of  grey  and  white  matter  as  follows. 


Grey  matter. 

White  matter. 

Water   

SI -6 

es-i 

Solids   

18-1 

31-6 

The  solids  consist  of — 

Albumins  and  gelatin   

55-4 

27-7 

Lecithin   

17-2 

0-9 

Cholesterin  and  fats   

IS -7 

51-9 

0-5 

9-5 

Substances  soluble  in  ether  

6-7 

,3-3 

Salts   .■  

1-5 

0-6 

The  salts  found  in  nervous  matter  are  similar  to  those  in  blood, 
and  it  would  appear  that  phosphates,  or  rather  combinations  in 
which  phosphorus  exists,  are  the  most  prominent  products  of 
analysis.  Thus  about  40  per  cent,  of  the  salts  consist  of  phos- 
phates of  soda  and  of  jtotasli — that  is,  the  ash,  on  analysis,  gives  this 
result ;  but  it  must  not  be  inferred  that  in  nervous  tissue  phosphates 
of  the  alkalis  exist  to  this  amount,  as  there  is  every  reason  to 
think  that  phosphorous  compounds,  along  with  alkalis,  exist  in 
nervous  matter,  although  not  in  the  form  usually  called  phosphates. 
The  remarkably  large  amount  of  water,  amounting  to  no  less  than 
from  70  to  80  per  cent.,  indicates  matter  in  a  condition  suitable 
for  rapid  molecular  changes,  on  which,  no  doubt,  the  functions  of 
the  tissue  depend. 

Excitability  of  Grey  Matter. — As  grey  matter  contains  both  nerve- 
fibres  and  nerve-cells,  and  as  these  cannot  be  separated  in  any  experi- 
ment, it  is  clear  that  no  precise  results  can  be  obtained  from  any 
effort  to  distinguish  the  excitability  of  grey  matter  from  that  of 
white.  The  excitability  of  the  grey  matter  must  depend  on  blood- 
supply  and  on  the  rapid  removal  of  waste-products.  If  the  first 
be  deficient  either  in  quantity  or  quality,  or  if  the  second  be  not 
carried  on  so  rapidly  as  to  get  rid  of  the  waste-products  as  they  are 
formed,  the  activity  of  the  nerve-cells  must  suffer.  The  sudden 
deprivation  of  blood,  as  when  the  heart  ceases  to  beat  for  even 
half  a  second,  ^\■ill  cause  unconsciousness ;  the  mixture  with  the 
blood  of  a  small  quantity  of  bromide  of  potassium,  or  of  alcohol, 
or  of  chloroform  or  other  ansesthetic,  or  of  morjihia,  will  affect  the 
activity  of  the  brain.  And  it  is  well  known  that,  when  disease  of 
the  kidney,  or  such  a  disease  as  an  acute  fever,  affects  the  body, 
matters  may  accumulate  in  the  blood  which  so  contaminate  it  as 
to  make  it  unfit  to  carry  on  the  vital  changes  on  which  activity 
of  brain  depends,  and  the  result  is  delirium  or  unconsciousness. 
There  is  every  reason  to  believe  that  the  activity  of  nerve-cells  is 
delicately  attuned  to  surrounding  conditions.  A  small  excess  per 
cent,  of  carbonic  acid,  or  a  small  amount  of  what  we  call  a  poison,  is 
sufficient  to  modify  or  arrest  their  action.  The  rhythmic  action  of 
various  centres,  such  as  those  controlling  the  movements  of  re- 
spiration, is  in  favour  of  the  view  that  the  activity  of  such  centres 
depends  on  delicate  equipoises.  If  during  expiration  there  is  for 
the  moment  a  deficiency  of  oxygen  in  the  blood,  or  an  accumula- 
tion of  carbonic  acid,  the  result  will  be  an  attempt  at  inspiration. 
This  gets  rid  of  the  carbonic  acid  and  introduces  oxygen,  and  an 
expiration  ensues.  It  is  not  pretended  here  to  state  what  exactly 
happens,  as  these  phenomena  of  respiration  are  still  obscure,  but 
they  are  brought  forward  with  the  view  of  showing  that  the  actions 
of  the  rhythmic  centres  of  respiration  depend  on  the  delicate 
balance  established  between  the  external  conditions  and  those 
centres.  If  this  be  the  case  there  is  little  doubt  that  a  similar 
effect  is  produced  on  other  centres  by  the  nature  of  the  blood 
supplied,  and  that  the  quality  and  quantity  of  the  supply  are 
important  factors  in  the  production  of  all  conscious  conditions. 

General  Phenomena  manifested  by  Nervous  Ce?i<rcs.— Before  enter- 
ing on  a  detailed  description  of  the  functions  of  the  great  centres 
such  as  spinal-cord  and  brain,  it  is  well  to  take  a  survey  of  some  of 


the  general  phenomena  manifested  by  such  centres.  These  may  be 
grouped  under  the  heads  of  (1)  reflex  actions,  (2)  inhibitory  actions, 
(3)  accelerating  actions,  (4)  vaso-motor  actions,  (5)  secretory  actions, 
(6)  sensations,  and  (7)  intellectual  acts. 

Reflc.r.  Actions. — Impressions  made  on  sensor}^  nei-ves  are  con- Reflex 
ve3'ed  to  nerve-centres,  where  they  may  or  may  not  awaken  con-  actions 
sciousness.  A  sensation  may  be  defined  as  the  consciousness  of  an 
impression,  and  may  or  may  not  be  followed  \>y  motion.  Either 
motion  may  be  voluntaiy,  or  it  may  be  caused  by  direct  stimulation 
of  the  motor  nerve  distributed  to  the  muscles.  The  latter  kind  of 
action  in  the  living  body  is  not  common.  Usually  motor  nerves 
are  acted  on  by  the  will  or  by  emotional  states  ;  but  it  not 
unfrequently  happens  that  jihysical  stimuli  occasion  motion  in  an 
indirect  manner,  the  impressions  being  carried  along  sensor)"  nerves 
to  a  central  organ,  where  changes  are  excited  which  result  in  a 
discharge  of  nervous  enei'gy  along  motor  nerves  to  various  nmscles. 
Thus  a  frog  in  which  the  brain  and  me<lulla  oblongata  have  been 
destroyed  will  draw  up  its  limbs  if  the  foot  be  i)inched.  Such 
actions,  taking  place  without  consciousness,  are  called  "reflex 
actions,"  and  the  mechanism  required  for  their  performance  may 
be  thus  described  :  (1)  excitation  of  a  sensory  or  afl'erent  nerve, 

(2)  excitation  of  an  intermediate  j 
nervous  or  reflex  centre,  and  [ 

(3)  excitation  of  a  motor 
efferent  nerve,  which  causes  a  I 
muscular  contraction.  The  dia- 
gram in  fig.  6  shows  the  sim- 
plest mechanism ;  but  it  is  rare 
to  find  the  arrangements  so 
simple,  and  the  mechanism 
may  become  more  complex  (see 
fig.  7)  either  by  the  existence 
of  a  number  of  cells  or  groups 
of  cells  in  the  nerve-centi'e,  or 

by  the  existence  of  numerous  afferent  or  efferent  nerves.  The 
essence  of  a  reflex  action  is  the  transmutation  by  means  of  the 


Fic.  0. — Simple  reflex  action  ;  1,  sensory 
surface;  2,  muscle;  o,  sensory  nerve  ; 
h,  nerve-cell:  c,  motor  nerve.  The 
arrows  indicate  the  direction  in  which 
the  influence  travels. 


Fig.  7. — Double  reflex  action,  or  action  in  which  two  or  more  nerve-cells  are 
involved  ;  1,  2,  as  in  fig.  fi  ;  a,  motor  nerve ;  h,  c,  nerve  cells. 

irritable  protoplasm  of  a  nerve-cell  of  afl'erent  into  efferent  impulses 
(Foster).  The  following  is  a  brief  summary  of  the  leading  facts 
relating  to  reflex  action. 

(a)  The  initial  excitation  may  occur  both  in  nerves  of  general 
sensibility  and  in  those  of  the  special  senses ;  but  certain  nerves 
more  easily  excite  reflex  actions  than  others.  Thus  when  light 
falls  on  the  retina  there  is  contraction  of  the  pupil,  the  afferent 
nerve  in  this  case  being  the  optic  (see  vol.  viii.  p.  821  sq.). 

(b)  A  reflex  movement  may  occur  whether  we  excite  a  sensory 
nerve  at  its  commencement  or  at  some  point  in  its  course,  but  in 
the  latter  case  the  action  is  less  intense  than  in  the  former. 

(c)  Grey  matter  containing  nerve-cells  constitutes  the  chief  jior- 
tion  of  reflex  centres,  and  groups  of  such  reflex  centres  are  frequentl}' 
associated  by  internuncial  fibres.  The  excitability'  is  increased 
when  these  centres  are  severed  from  communication  with  psychical 
centres  which  preside  over  voluntary 
movements.  Thus,  after  decapitation, 
reflex  movements  occur  with  greater 
intensity  than  in  the  injured  animal ;  I 
they  are  also  more  active  during  sleep. 
It  is  evident,  therefore,  that  reflex  I 
actions  may  be  restrained  or  hindered  I 
in  their  development  by  the  action  of  I 
higher  centres.  This  is  termed  the  I 
"inhibition  of  reflex  action." 

(d)  Reflex  movements  may  occur  in  I 
one  muscle,  or  in  many  muscles  or 
groups  of  muscles.  One  or  more 
groups  of  muscles  may  be  involved 
according  to  the  strength  of  the  | 
stimulus  applied  to  the  sensory  sur- 
face and  the  degree  of  excitability  of  j 
the  reflex  centre  at  the  time  (see  fig.  8).  [ 
The  facts  are  thus  summarized  hy\ 
Pfliiger.  Unilateral  action  :  if  in  a  I 
decapitated  frog  we  excite  the  skin  of  Fio.  S.—p.  sensory  surface;  a,  b, 
the  hind  foot  p,  the  excitation  is  f  JJfJ™,""'^"'' '  ^'  ^'  ^'  ^'  ^' 
transmitted  from  the  centre  a  to  the     '  '  '  """"^ 

muscles  1  of  the  foot  on  the  same  side.  Symmetrical  action  ;  if 
the  excitation  be  more  intense,  it  is  transmitted  to  a  centre  on  the 
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Fir..  !!.  — Diafiraiii  illnstiating  the  super- 
liositinii  of  reflexes,  in,  m,  niusi'les ; 
1, 1,  series  of  reflex  centres  on  one  side, 
under  the  control  of  2,  2,  which  are 
again  governed  by  3.  There  is  a  cor- 
responding series,  1',  1';  2',  2';  3'  on 
the  other  side.  Both  sides  are  presided 
over  by  4.  Thus  a  stimulus  reaching 
4  might  excite  lhe  activity  of  all  the 
muscles  Hi,  m ;  if  it  reached  3,  only  one 
half  of  the  mu.scles  ;  if  it  reached  2,  to 
the  left,  only  three  of  the  muscles  ; 
and,  finally,  if  it  affected  1,  to  the  left, 
only  one  muscle  m. 


opposite  side  h,  ami  contractions  may  occur  in  the  nniscles  of  the 
hind  limbs  on  both  sides  1,  2.  Irradiation  ;  if  the  e.xcitation  be 
still  increased  in  intensity,  it 
affects  higher  centres  c,  d,  and 
there  may  be  contraction  of  the 
fore-limbs  3,  4.  General  action; 
if  the  excitation  be  still  further 
increased,  it  may  pass  to  a  .still 
higher  reflex  centre  c,  and  the 
result  is  general  convulsions. 

(e)  Reflex  centres  may  bo  so 
arranged  in  the  l)ody  as  to  con- 
stitute a  series  in  which  those 
of  the  cerebrum  govern  or  con- 
trol others  in  the  deejier  gan- 
glia of  the  brain,  while  these, 
in  turn,  have  an  influence  over 
still  lower  centres  in  the  spinal 
cord.  This  arrangeinent  is 
termed  the  "superposition  of 
reflexes  "  (see  fig.  9). 

if)  Stimulation  of  a  sensory 
surface  may  simultaneously  pro- 
duce, by  a  reflex  mechanism, 
movement,  secretion,  and  con- 
sciousness. Thus  a  condiment 
in  the  mouth  may  cause  in- 
voluntary twitchings  of  the 
muscles,  secretion  of  saliva,  and 
a  sensation  (see  fig.  10). 

(g)  Certain  substances,  in 
particular  strychnin,  increase 
reflex  excitability,  so  that  the  slightest  external  stimulation  of  the 
sensory  nerves  of  the  skin  is  sufhcient  to  cause  severe  convulsions. 
On  the  other  hand, 
bromide  of  potas- 
sium, hj'drate  of 
chloral,  and  atro- 
pin  diminish  reflex 
excitability. 

(7i.)  Individual 
stimuli  only  excite 
a  reflex  act  when 
they  are  very  pow- 
erful, but  stimuli 
applied  at  freq^uent 
intervals  act  the 
more  quickly  and 
powerfully  the  

more  rapidly  they  Fio.  10. — Diagram  illustrating  a  complex  reflex  mechan- 
SUCCeed  each  other,  ism.  The  arrows  indicate  direction  of  currents.  1, 
•Vn  m-n,ln/.o  tbo  ro"  seusory  surface ;  2,  muscle ;  3,  gland  ;  a,  sensory 
10  piouuce  Lue  le-  .      ^.^^^.^  centre,  connected  with  another  reflex 

flex  change  in  tllC  centre  d  by  internuncial  fibre  e ;  c,  motor  or  efferent 
centre,  therefore,  a  nerve ;  /,  secretory  nerve  passing  to  gland  3.  From 
SUiniiuition  or  ad-  the  other  side  of  d  is  seen  a  fibre  passing  to  the  brain, 
J...  c         J.  •      and  there  exciting  changes  which  result  in  a  sensation, 

dition  of   ccntri-  °  ° 

petal  excitations  is  required.  When  these  reach  a  certain  number 
the  centre  responds  (Stirling). 

(i)  Reflex  actions  involve  time.  Thus  the  time  between  the 
stimulation  and  the  movement  can  be  measured,  and,  if  we  take 
into  consideration  the  time  occupied  by  the  passage  of  the  nerve- 
current  along  the  nerves  involved,  and  the  latent  period  of  muscular 
conti-action,  and  subtract  this  from  the  total  time,  the  remainder 
will  represent  the  time  occupied  by  the  changes  in  the  centre  or 
the  reflex- time.  This  has  been  found  to  be  from  '0555  to  '0471  of 
a  second.  It  is  lengthened  by  cold  and  shortened  by  increasing 
the  strength  of  the  stimulus  and  by  strychnia. 

(k)  In  compound  reflex  acts  the  initial  excitation  may  occur 
in  psychical  centres,  as  when  the  recollection  of  an  odour  causes 
nausea,  or  when  a  feeling  of  ennui  is  followed  by  a  yawn. 

(?)  Some  reflex  movements  are  the  result  of  inherited  peculiar- 
ities of  structure,  as  those  made  by  a  new-born  child  when  it  seizes 
the  breast.  Other  reflex  movements  are  acquired  during  life.  Such 
are  at  first  voluntary,  but  they  become  automatic  by  repetition. 

The  following  are  some  of  the  more  common  examples  of  reflex  movements. 
Motions  of  the  muscles  in  any  part  of  the  limbs  or  trunk  under  the  influence 
of  sensory  impressions  on  the  skin,  such  as  tickling,  pricking,  &c.  ;  shud- 
dering from  cold,  shuddering  caused  by  grating  noises,  &c. ;  contraction  of 
the  pupil  under  the  influence  of  light  on  the  retina  ;  winking,  from  irritatinn 
of  the  sensory  nerves  of  tlie  conjunctiva ;  sneezing,  from  irritation  of  the 
Schneiderian  membrane,  or  by  a  glai-ing  light  on  the  eye  ;  spasm  of  the  glottis 
and  coughing,  from  irritation  of  the  larynx  or  trachea  ;  laughing,  caused  by 
tickling  the  skin  ;  the  first  respiration  of  the  child  at  birth,  from  the  im- 
pression of  cold  upon  the  nerves  of  the  skin,  and  especially  those  of  the  chest ; 
respiratory  movements  in  the  adult,  from  the  impression  caused  by  the  afferent 
nerves  of  the  lungs  (sympathetic  or  vagus),  by  the  presence  of  carbonic  acid 
in  the  air  cells  and  passages,  or  in  those  of  the  general  system, — also,  occasional 
modifications  of  the  respiratory  movements  from  impressions  of  cold,  &c.,  on 
the  surface  of  the  body  ;  sucking  in  infancy  ;  deglutition  or  swallowing,  with 
aU  the  complicated  movements  then  occurring  in  the  tongue,  fauces,  larynx. 


and  gullet ;  vomiting,  caused  by  iiTitation  in  stomach,  or  in  fauces,  or  folloAv- 
ing  nausea  ;  forced  contractions  of  the  sphincter  muscles  of  the  anus,  urmary 
bladder,  and  vagina,  under  local  irritation ;  erection  and  emission  under  the 
influence  of  irritation  of  the  nerves  of  the  penis  and  other  parts  in  the  vicinity ; 
rhythmic  movements  of  lymphatic  hearts  in  reptiles  ;  rhythmic  movements  of 
the  heart  by  the  action  of  cardiac  ganglia  ;  peristaltic  motions  of  the  stomach 
and  alimentary  canal,  in  digestion  and  in  defecation,  &c.,  under  the  influence  of 
impressions  conveyed  to  the  ganglia  by  the  splanchnic  and  intestinal  nerves; 
action  of  the  bladder  in  expelling  urine;  expulsive  action  of  the  uterus  in  par- 
turition ;  contractions  and  dilatations  of  the  blood-vessels  under  the  influence 
of  the  vaso-motor  system  of  nerves  ;  many  ofiscure  and  complex  morbid  actions, 
such  as  palpitations  of  the  heart,  cramps  in  the  limbs  caused  by  irritation  lu 
the  stomach  or  intestinal  canal,  fainting  from  concussion  or  from  peculiar 
odours,  dilatation  of  the  pupil  and  grinding  of  the  teeth  from  the  irritation  ot 
worms,  and  the  convulsive  seizure  sometimes  occurring  during  teething. 

Inhibitory  mid  Accelerating  Actions.— ks  we  have  seen,  stimula-  luhi- 
tion  of  a  nerve  may  cause  a  sen.sation,  a  reflex  action,  or  the  direct  bitory 
contraction  of  a  muscle  ;  but  in  some  instances  when  the  nerve  and 
is  stimulated  movements  may  be  arrested.     This  occurs  where  accel- 
rhythmic  and  apparently  spontaneous  or  automatic  actions  are  erating 
restrained  or  inhibited  by  the  activity  of  certain  nerves.    The  mo.st  action.s. 
striking  instance  of  inhibition  is 
offered  by  the  heart.    The  subject  | 
will  be  readily  understood  with  the 
aid  of  fig.  11,  which  illustrates  the  I 
innervation  of  the  heart  and  blood-  | 
vessels  and  especially  the  inhibition 
and  action  of  the  depressor  nerve. 

It  is  well  known  that  the  heart 
of  a  warm-blooded  animal  ceases  to 
beat  almost  immediately  after  re- 
moval from  the  body,  but  the  heart 
of  a  cold-blooded  animal,  such  as 
the  frog,  will  beat  for  hours  or  even 
days,  especiallyif  it  be  supplied  with 
defibrinated  blood.  The  rhythmic 
beat  depends  to  some  extent  on  the 
existence  in  the  heart  of  ganglia  or 
small  nerve-centres  (fig.  11,  I,  A, 
R).  It  is  quite  true,  however,  that 
rhythm  may  go  on  in  a  portion  of 
the  heart  containing  no  ganglionic 
structure.  Now  the  heart  receives 
nerves  from  two  sources,  from  the 
vagus  or  pneumogastric  nerve  and 
from  fibres  derived  from  the  spinal 
cord  through  the  sympathetic.  If 
the  vagus  be  cut  and  the  lower 
end  stimulated  by  feeble  induction- 
shocks,  the  heart  beats  more  slowly, 
and  will  probably  be  brought  to  a 
stand -still  in  a  dilated  condition. 
A  strong  stimulation  of  the  vagus 
will  invariably  arrest  the  action  of 
the  heart,  and  the  organ  will  be 
found  dilated,  or,  as  it  is  said,  in  a  state  of  diastole 


Fin.  11. — The  origins  of  ]iijeumogas- 
tric  and  vaso-motor  systems  are  in 
medulla,  that  of  the  sympathetic 
in  upper  portion  of  cord.  The 
arrows  indicate  direction  of  nerve- 
currents.  Ill  the  heart  R  represents 
a  reflex  centre,  I  an  inhibitory 
centre,  and  A  an  accelerating 
centre. 

On  removal 


of  the  stimulus  the  heart  will  soon  resume  its  beats.  It  is  clear 
that  the  vagus  cannot  be  regarded  as  the  motor  nerve  of  the  heart, 
because,  if  so,  stimulation  would  have  arrested  the  action  of  the 
heart  in  a  state  of  contraction  or  systole.  The  question,  then,  is 
whether  the  fibres  of  the  vagus  possessing  this  remarkable  power 
of  inhibiting  or  restraining  the  action  of  the  heart  terminate  in  the 
muscular  fibres,  or  in  some  intermediate  structures,  such  as  ganglia 
The  influence  of  various  poisons  has  shed  light  on  this  question. 
A  minute  dose  of  atropiu  injected  into  the  blood  paralyses  this 
inhibitory  action.  After  such  a  dose  stimulation  of  the  vagus  is 
followed  by  no  effect,  and  the  heart  beats  as  usual. 

"Again,  in  slight  urari  poisoning  the  inhibitory  action  of  the  vagus  is  still 
present ;  in  the  profounder  stages  it  disappears,  but  even  then  inhibition  may 
be  obtained  by  applying  the  electrodes  to  the  sinus.  In  order  to  explain  this 
result,  it  has  been  supposed  that  what  we  may  call  the  inhibitory  fibres  of  the 
vagus  terminate  in  an  inhibitory  mechanism  (pnjbably  ganglionic  in  nature) 
seated  in  the  heart  itself,  and  that  the  urari,  while  in  large  doses  it  may 
paralyse  the  terminal  fibres  of  the  vagus,  leaves  this  inhibitory  mechanism 
intact  and  capable  of  being  thrown  into  activity  by  a  stimulus  applied  directly 
to  the  sinus.  After  atropin  has  been  given  inhibition  cannot  be  brouglit 
about  by  stimulation  either  of  the  vagus  fibres  or  of  the  sinus,  or  indeed  of 
any  piart  of  the  heart.  Hence  it  is  inferred  that  atrojiin,  unlike  urari,  paralyses 
this  intrinsic  inhibitory  mechanism.  After  the  application  of  muscarin  or 
jiilocarpin  the  heart  sto]is  beating,  and  remains  in  diastole  in  perfect  stand- 
still. Its  appearance  is  then  exactly  that  of  a  heart  inhibited  by  profound  and 
lasting  vagus  stimulation.  This  effect  is  not  hindered  by  urari.  The  ajiplica- 
tion,  however,  of  a  small  dose  of  atropin  at  once  restores  the  beat.  These 
facts  are  interjireted  as  meaning  that  muscarin  (or  pilocarpin)  stimulates  or 
excites  the  inhibitory  apparatus  spoken  of  above,  which  atropin  paralyses  or 
jilaces  liors  de  combat"  (Foster,  Teji-Book  nf  Physiology,  4th  ed.,  p.  18(3). 

Thus  physiologists  are  satisfied  that,  when  the  vagus  is  stimulated, 
currents  of  nerve-energy  pass  along  its  fibres  to  some  of  the  intrinsic 
ganglia  of  the  heart  and  inhibit  or  restrain  these,  so  that  the  heart 
beats  more  slowly  or  is  arrested  altogether.  But  the  centres  in  the 
heart  may  also  be  stimulated.  After  division  of  both  vagi  in  a 
mammal,  say  a  rabbit,  the  heart's  beat  may  be  quickened  or  acceler- 
ated by  stimulation  of  the  cervical  spinal  cord.  Fibres  having  this 
power  of  accelerating  the  action  of  the  heart  have  been  traced  from 
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tlie  cervical  spinal  cord  through  the  last  cervical  and  first  thoracic 
ganglia  of  the  sympathetic.  Stimulation  of  these  accelerator  nerves 
causes  a  quickening  of  the  heart's  beat,  in  which,  however,  "what 
is  gained  in  rate  is  lost  in  force"  (Foster).  They  are  referred  to 
here  as  showing  another  kind  of  nervous  action,  quite  different  from 
inhibition.  Thus  any  nerve-centre  concerned  in  reflex  movements 
inay  have,  by  impulses  reaching  it  from  the  periphery,  its  action 
inhibited  or  restrained  or  accelerated. 
Nerves  Injiuence  of  Nerves  on  Blood -Vessels. — If  the  sympathetic  nerve 
and  be  divided  in  the  neck,  there  is  a  dilatation  of  the  vessels  and  an 
blood-  increase  of  temperature  on  the  same  side  ;  but  irritation  by  weak 
vessels,  induction -currents  of  the  cephalic  end  will  cause  the  vessels  to 
contract  and  the  temperature  to  fall.  In  the  sympathetic,  there- 
fore, there  are  nerve-fibres  which  influence  the  contractile  coats  of 
the  blood-vessels.  These  fibres,  called  " vaso-motor,"  originate 
from  a  vaso-motor  centre  in  the  medulla  oblongata  between  the 
point  of  the  calamus  scriptorius  and  the  lower  border  of  the  corpora 
quadrigemina,  in  the  fl^oor  of  the  fourth  ventricle.  From  this  chief 
vaso-motor  centre  nervous  influences  emanate  which  tend  to  keep 
the  smaller  vessels  in  a  more  or  less  contracted  condition.  If  it 
be  injured,  paralysed,  or  destroyed  there  is  at  once  great  dilatation 
of  the  vessels,  more  especially  those  in  the  abdominal  cavity,  and 
the  blood  collects  in  these  dilated  vessels.  This  of  course  dimi- 
nishes the  arterial  pressure  in  the  larger  vessels.  Consequently, 
by  observations  on  blood -pressure,  it  has  been  found  possible  to 
study  the  coiiditions  of  vaso-motor  action.  By  connecting  a  kymo- 
graph (a  recording  manometer)  with  a  large  vessel,  say  the  carotid, 
observing  for  a  time  the  mean  blood -pressure,  and  afterwards 
injuring  the  supposed  vaso-motor  centre,  Ludwig  and  his  pupil 
Owsjannikoft"  at  once  observed  an  enormous  fall  of  blood-pressure, 
to  be  explained  by  the  paralysis  of  the  smaller  and  a  consequent 
emptying  of  the  larger  vessels. 

The  vaso-motor  centre  may  be  influenced— that  is,  inhibited,  or  possibly 
strengthened — by  impulses  coming  from  the  periphery.  Such  impulses  may 
be  sent  to  the  centre  along  any  sensory  nerve,  but  in  1S66  Cyon  and  Ludwig 
discovered  a  nerve  which  apparently  exercises  this  function  "to  a  remarkable 
extent.  In  the  rabbil  it  originates  by  two  roots  from  the  superior  laryn- 
geal and  from  the  vagus.  Stimulation  of  the  distal  end  of  this  nerve  pro- 
duces no  effect,  but  stimulation  of  the  cephalic  end  causes  at  once  a  great  fall 
of  blood -pressure  in  the  arterial  system  and  a  diminution  in  the  frequency 
of  the  pulse.  As  this  nerve,  therefore,  inhibits,  restrains,  or  depresses  the 
activity  of  the  vaso-motor  centre  it  has  received  the  name  of  the  "depressor 
nerve  of  Cyon  and  Ludwig."  It  appears  to  influence  chiefly  the  vaso-motor 
arrangements  of  the  abdomen  and  lower  extremities.  Thus,  after  section  of 
the  splanchnics,  which  control  the  vessels  of  the  abdominal  viscera,  it  is  said 
that  excitation  of  the  depressor  does  not  produce  nearly  the  same  diminution 
of  pressure  in  the  carotid  vessels.  By  the  influence  of  the  depressor  a  balance  is 
kept  up  between  the  central  and  the  peripheric  circulations.  Imagine  the  heart 
to  be  pumping  blood  tlirough  the  vessels.  If  from  some  cause  the  smaller  vessels 
become  constricted  so  as  to  offer  greater  resistance  to  the  passage  of  the  blood, 
the  arterial  pressure  in  the  larger  vessels  is  increased,  and  the  heart  has  more 
work  to  do  to  overcome  this  resistance.  When  the  resistance  reached  a  certain 
amount  the  heart  would  be  in  danger  of  exhaustion  in  endeavouring  to  over- 
come it.  But  by  the  depressor  this  danger  is  removed,  as  an  influence  may- 
pass  from  the  heart  along  the  flbres  of  the  depressor  to  the  vaso-motor  centre, 
the  eff'ect  of  which  is  to  inhibit  the  activity  of  this  centre,  and  thus  allow  the 
smaller  vessels  to  dilate.  When  this  occurs,  either  locally,  as  in  the  abdominal 
region,  or  generally,  the  result  is  a  depletion  of  the  larger  vessels,  a  consequent 
fall  of  pressure  in  them,  and  therefore  less  resistance  to  the  efforts  of  the 
heart.  Tlius  it  would  appear  that  in  the  heart  itself  there  is  an  arrangement 
by  which,  to  a  certain  extent,  it  governs  its  own  work,  and  there  is  an  adjust- 
ment between  the  activity  of  the  heart  and  distribution  of  blood  throughout 
the  body  (see  fig.  11). 

The  vaso-motor  nerves  causing  contraction  of  vessels  have  been 
called  "  vaso-constrictors"  ;  but  there  are  other  nerve-fibres  possess- 
ing the  property  of  causing  a  dilatation  instead  of  a  contraction. 
These  have  been  called  "  vaso-dilators."  Excitation  of  the  chorda- 
tympani  nerve,  for  example,  causes  the  vessels  of  the  sub-maxillary 
gland  to  dilate  (see  vol.  xvii.  p.  672).  Erection,  as  it  occurs  in  the 
penis,  has  long  been  known  to  depend  on  dilatation  of  vessels  and 
consequent  increased  afflux  of  blood.  Stimulation  of  the  nerves  of 
the  sacral  plexus  may  cause  erection.  But  liow  do  such  nerve- 
fibres  act  ?  It  cannot  be  that  they  directly  cause  relaxation  of  the 
muscular  fibres  in  the  walls  of  the  vessels.  These  contain  layers 
of  involuntary  muscular  fibres  in  the  transverse  and  longitudinal 
directions,  and  it  is  difficult  to  understand  how  any  contraction  of 
fibres  in  either  of  these  directions  could  possibly  cause  dilatation 
of  the  vessel.  Probably  the  eff'ect  is  brought  about  by  the  action 
of  some  kind  of  inhibitory  mechanism.  Ganglia  abound  in  the 
walls  of  the  vessels.  From  tliese,  fibres  pass  to  and  from  the 
muscular  elements  of  the  vessel.  Such  ganglia  or  local  reflex 
centres  may  be  supposed  to  be  under  the  influence  of  two  sets  of 
nerve-fibres  :  (1)  accelerating  or  strengthening,  corresponding  to 
the  accelerating  fibres  that  influence  the  heart ;  and  (2)  inhibitory, 
like  the  fibres  of  the  vagus  distributed  to  the  heart,  having  the 
power  of  restraining  the  action  of  the  local  ganglia.  According 
to  this  view,  the  fibres  in  the  chorda  which  cause  dilatation  of 
the  vessels  of  the  sub  -  maxillary  gland  on  stimulation  are  vaso- 
inhibitory  nerves. 

Nerves       Influence  of  Nerves  on  Glands. — This  has  already  been  described 
and        under  JSTutkition  (vol  xvii.  p.  672),  but  the  facts  may  be  here 
glands,     briefly  summarized.    A  secreting  gland  is  supplied  with  three  sets 
of  nerve-fibres, — vaso-constrictor,  vaso-dilator  or  vaso-inhibitory, 
and  secretory.    The  first  two  regulate  the  distribution  of  blood  in 
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the  gland,  whilst  the  third  set  directly  affects  the  actinty  of  the 
secreting  cells.  According  to  Heidenhain,  in  addition  to  the  vascu- 
lar nerves  supplying  a  gland  there  are  secretory  and  trophic  nerves. 
"  Stimulation  of  secretory  fibres  leads  to  an  increased  flow  of  water,  ' 
stimulation  of  the  trophic  to  an  increased  secretion  of  specific  sub-  | 
stances  and  to  an  increased  production  of  protoplasni "  (Gamgee). 
The  vaso-constrictor  fibres  of  a  gland  are  derived  from  the  sympa- 
thetic, and  the  vaso-dilator  and  secretory  from  the  cerebro-spinal 
system. 

Classification  of  Nerve- Centres. — Although  these  are  usually  Xerve- 
classified  anatomically,  according  to  the  organ  in  which  they  are  centre.' 
situated,  they  may  also  be  arranged  according  to  their  functions,  as  classi- 
foUows  :  —  (1)  receptive  centres,  to  which  influences  arrive  which  fied. 
may  excite  sensations  (in  grey  matter  of  brain),  or  some  kind  of 
activity  not  associated  with  consciousness  (reflex  centres  of  the 
cord  and  of  the  brain)  ;  (2)  psychical  centres,  connected  with  sensa- 
tion in  the  sense  of  conscious  perception,  emotion,  volition,  and 
intellectual  acts  (in  the  grey  matter  of  the  brain)  ;  (3)  disclmrcjing 
centres,  whence  emanate  influences  which,  according  to  structures 
at  the  other  ends  of  the  nerves  connected  with  them,  may  cause 
movements,  secretions,  or  changes  in  the  calibre  of  vessels  (in  brain 
and  spinal  cord) ;  (4)  inhibitor^/  centres,  which  inhibit,  restrain,  or 
arrest  the  actions  of  other  centres. 

B. — Special  Physiology  of  Central  Organs. 

General  Physiological  Anatomy.  — The  central  organs  of  the 
nervous  system  consist  of  ganglia  or  of  what  is  called  a  "cerebro- 
spinal axis."  The  anatomy  of  the  latter  is  described  under  Ana-  | 
TOMY,  and  some  account  of  the  gangliated  cords  in  invertebrates 
and  of  the  rudimentary  nervous  systems  of  the  lower  forms  of 
vertebrates  will  be  found  under  the  articles  Cru.st.\cea,  Ixsect.s, 
Amphibia,  Birds,  Ichthyology,  &c.  But,  as  one  of  the  most 
effective  ways  of  obtaining  an  intelligent  concejition  of  the  com- 
plicated nervous  system  of  man  and  of  the  higher  animals  is  to 
trace  its  various  forms  in  the  scale  of  animal  existence,  and  to 
observe  the  close  corresjiondence  between  comjilexity  of  structure 
and  complexity  of  function,  a  short  introductory  review  of  its 
comparative  anatomy,  from  the  physiological  side,  will  here  be 
given.  In  the  first  place,  we  find  that  the  different  forms  of 
nervous  systems  may  be  divided  into  {a)  those  consisting  of  ganglia 
or  chains  of  ganglia,  as  found  throughout  the  invertebrates,  and  (6) 
those  having  a  great  axis  of  nervous  matter  forming  a  brain  and 
spinal  cord,  the  cerebro-spinal  axis,  as  seen  in  vertebrates. 

Comparative  View  of  Nervous  System  of  Invertebrates. —  In  the  Nervoii 
simplest  forms  of  animals  the  protoplasmic  cell  is  the  seat  of  system 
sensation  and  of  motion  ;  but  as  the  contractile  or  muscular  of  iuve 
layers  become  more  marked  sensation  is  relegated  to  the  cells  of  tebrate 
the  ectoderm,  or  outer  layer  of  the  body.  As  portions  of  this 
sensory  layer  become  of  higher  value  to  the  organism,  their  protec- 
tion is  accomplished  by  some  of  the  sensory  cells  sinking  into 
the  body  of  the  organism  so  as  to  be  covered  by  less  important 
structures.  The  portions,  originally  of  the  surface,  thus  differen- 
tiated and  protected  become  ganglia,  and  processes  pass  from  them 
on  the  one  hand  to  cells  in  the  periphery,  so  that  they  may  still  be 
influenced  by  external  energies,  and  on  the  other  to  the  conti'actile 
jiarts  of  the  organism  by  which  movements  are  accomplished. 
Still  higher  in  the  scale  of  life,  the  ganglia  are  connected  by  inter- 
nuncial  fibres,  and  the  plan  of  the  primitive  nervous  system  bears  a 
relation  to  tlie  general  t3'pe  of  structure  of  the  animal.  Thus  in 
radiate  animals  the  gangliated  cords  show  a  radiated  arrangement, 
and  when  the  animal  form  is  bilateral  and  sj'mmetrical  the  nervous 
arrangements  are  on  the  same  type.  It  is  also  to  be  noted  that  the 
ganglion  specially  connected  with  the  rudimentary  organs  of  sense 
attains  a  size  and  importance  proportionate  to  the  development  of 
the  sense-organs.  The  nerves  of  the  sense-organs  are  chiefly  con- 
nected with  the  supra-oesophageal  ganglion,  which  thus  may  be 
looked  on  as  a  rudimentary  brain.  When  the  body  of  the  animal 
becomes  more  complicated  by  the  development  of  similar  segments 
(or  metameres),  we  find  that  by  a  reduplication,  as  it  were,  of  the 
subcesophageal  ganglion  a  ventral  chain  of  ganglia  is  formed,  a  pair 
of  ganglia  for  each  segment,  the  individual  ganglia  being  connected 
by  longitudinal  commissures.  Such  an  arrangement  is  seen  in  the 
ringed  worms  and  in  arthropods.  The  next  step  is  a  fusion  of 
ganglia  into  masses,  according  to  the  size  and  importance  of  the 
part  of  the  body  to  be  innervated  (see  vol.  vi.  p.  636,  figs.  7  and  9). 

No  trace  of  a  nervous  system  can  be  detected  in  Protozoa.  The  Scyphomedu- 
soid  forms  of  Hydrozoa  show  nerve-flbres  and  ganglion-cells  (Schiifer)  in  the 
sub-umbrella  anil  around  the  tentaculo-cysts  (see  vol.  xii.  p.  552,  fig.  15),  and 
in  the  Hydromedusoid  forms  the  nen'e-ganglion  cells  form  a  ring  round  the 
margin  of  the  disk.  In  some  of  the  Actinozoa  (anemones,  &c.)  fusiform  gan- 
glionic cells  united  by  nerve-flbres  are  said  to  exist  (P.  M.  Duncan).  In  all 
the  worms  (Vermes)  the  most  important  central  organs  of  the  nervous  system 
are  placed  in  the  anterior  part  of  the  body  near  the  beginning  of  the  alimentary 
canal.  If  they  have  a  distinct  head  the  nervous  organ  is  in  it  and  supplies 
branches  to  the  sense-organs.  From  thence  nerve-trunks  radiate  to  the  peri- 
phery of  the  body,  often  in  the  form  of  two  longitudinal  trunks  on  the  ventral 
surface.  Frequently  there  is  a  nervous  ring  round  the  oesophagus.  Nerve- 
organs  have  been  found  in  all  the  Platyhehninthes,  Rotatoria,  and  Bryozoa.  The 
Nemathelminthes  show  a  further  advance.  The  central  organ  is  placed  on  the 
oesophagus,  surrounding  it  as  a  ring,  from  which  nerves  radiate  forwards  and 
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backwards.  Often  six  strands  of  nerve  run  forwards,  whilst  a  dorsal  and  a 
ventral  trunk  pass  backwards.  The  size  of  these  trunks  depends  on  the  length 
of  the  body.  Tlie  cephalic  ganp;lion  is  bilateral  and  is  largely  developed.  In 
the  Birudinia  and  Annelida  the  cerebral  ganglia  are  connected  by  commissures 
with  a  ventral  cord,  which,  in  turn,  shows  individual  ganglia  connected  by 
commissures.  Each  ganglion  consists  of  two  equal  portions  with  a  transverse 
commissure,  and  in  the  higher  forms  they  are  so  close  as  to  form  almost  a 
single  cord.  It  is  also  evident  that  the  cerebral  ganglia  are  composed  of  several 
ganglia  fused  together,  and  acquire  functional  importance  as  the  sense-organs 
are  more  highly  developed.  In  the  Kchinodermata  the  nervous  system  consists 
of  a  number  of  trunks  placed  ventrally  and  having  a  radial  arrangement.  Each 
of  these  trunks  corresponds  to  the  ventral  ganglionic  chain  of  the  Anmilata. 
In  Asterida  (star-fishes)  each  radial  nerve  consists  of  two  bands  thickened  in 
the  middle,  and  at  the  end  there  is  a  swelling  connected  with  an  optical  appa- 
ratus placed  there.  In  the  Echinus  (sea-urchin)  the  nervous  ring  lies  above  the 
floor  of  the  oral  cavity,  between  the  ojsophagus  and  the  lips  of  the  ossicles  of 
the  masticatory  apparatus.  From  this  ring  lateral  branches  issue  which  accom- 
pany the  branches  of  the  ambulacral  vessels.  In  Holoilmroida  (sea-cucumbers) 
the  nervous  ring  lies  in  front  and  near  the  mouth,  and  is  thicker  than  the 
five  nerves  which  it  gives  off,  thus  differing  from  the  Asteroida  and  Echinoida. 
The  nervous  system  of  the  Arthropoda  resembles  that  of  the  Annelida.  There 
is  a  large  ganglion  above  the  oesophagus,  the  cerebral  ganglion,  united  to  a 
ventral  ganglion  by  two  commissures  so  as  to  form  a  nervous  ring.  From  the 
ventral  ganglion  a  series  of  ganglia  united  by  commissures  extends  along  the 
ventral  surface  of  the  body.  Tiie  increased  size  of  the  cerebrum  is  the  most 
striking  characteristic,  and  no  doubt  bears  a  relation  to  the  higher  degree  of 
development  of  the  sense-organs,  more  especially  those  of  sight.  In  some 
Crustacea  the  optic  nerves  arise  from  distinct  lobes.  As  pointed  out  by  Gegen- 
bauer,  when  the  optic  organs  are  reduced  or  lost  the  cerebrum  becomes  so 
small 'as  to  be  represented  by  nothing  but  a  commissure.  In  the  individuals 
havin"  a  large  portion  of  the  body  composed  of  similar  metameres  the  ganglia 
are  regular  in  size,  appearing  in  pairs.  On  the  other  hand,  in  the  Thoracostraca 
(crabs"  &c.)  the  anterior  ganglionic  masses  are  fused  into  larger  masses  so  as  to 
correspond  to  the  concrescence  of  the  anterior  metameres  into  a  cephalo-thorax. 
In  the  abdominal  portion  of  the  body,  where  the  metameres  are  small,  distinct, 
and  more  or  less  regular,  the  ganglia  are  also  distinct  and  in  pairs.  In  the 
Protrachecda  {Peripatus)  the  nervous  system  is  simijler,  and  consists  of  the 
oesophageal  collar  with  a  double  ventral  cord  having  no  ganglia  or  swellings  on 
it,  although  nerve-cells  are  distributed  through  it.  In  the  Myriapoda  there  is  a 
well-marked  ventral  cord,  with  ganglia  corresponding  to  the  metameres.  In  the 
Araclmida  the  ventral  ganglia  are  often  reduced  in  number  and  fused.  They  are 
characterized  by  the  close  connexion  between  the  cerebral  ganglia  and  the 
ventral  cord,  owing  to  the  extreme  shortness  of  the  commissures  (Gegenbauer). 
In  the  Scorpions  the  nervous  system  is  richly  segmented,  and  remarkable  for 
the  large  size  of  the  ganglion  giving  off  the  pedal  nerves.  The  Spiders  have 
a  single  large  ganglion  in  the  ceiihalo-tliorax,  no  doubt  consisting  of  several 
ganglia.  In  the  ^cnrii(o(mites)  the  cerebral  ganglion  is  extremely  small,  and  the 
other  ganglia  are  fused  so  as  to  form  one  single  mass,  giving  off  nerves  all  round. 
These  minute  animals  show  a  remarkable  degree  of  concentration  of  the 
nervous  system.  In  Insecta  (see  fig. 
12)  the  ventral  cord  traverses  the 
whole  length  of  the  body,  the 
ganglia  being  at  equal  distances, 
and  all  united  by  commissures. 
This  condition  is  well  seen  in  the 
larval  condition,  and  is  like  the 
permanent  state  of  the  Myriapoda. 
When  the  insect  passes  into  the 
adult  condition  changes  occur,  con- 
sisting essentially  of  the  fusion  of 
ganglia  and  a  shortening  of  the  com- 
missures. The  cerebral  ganglion  is 
composed  primitively  of  three  pairs, 

and  in  most  cases  does  not  unite  Fir..  12. — Typical  forms  of  nervous  system 


in  invertebrates.  A,  in  Serpnla,  a  marine 
annelid  ;  a,  cephalic  ganglion.  B,  in  a 
crab;  o,  cephalic  ganglion;  S,  ganglia 
fused  under  cephalo-thorax.  C,  in  a 
white  ant  (7'emes);  o,  cephalic  ganglion. 
(Gegenbauer.) 


with  the  rest  of  the  ventral  cord. 
It  shows  hemispheres  and  a  com- 
plicated structure.  The  Hrst  gan- 
glion of  the  ventral  cord  supjilies 
the  organs  of  the  mouth  ;  the  three 
succeeding  send  nerves  to  the  ap- 
l^endages,  feet,  and  wings ;  the  re- 
maining ganglia  are  small,  except  the  last,  which  supplies  the  generative  organs. 
There  is  great  variety  among  the  Insecta  in  the  number  of  ganglia  in  the  ventral 
cord,  but  coalescence  always  indicates  a  higher  type  of  structure.  The  nervous 
system  of  the  Brachiopoda  is  formed  of  masses  of  ganglia  near  the  oesophagus. 
From  these  nerve -fibres  pass  to  various  parts  of  the  body.  There  is  an 
esophageal  ring,  but  the  superior  ganglion  is  very  small,  owing  to  the  absence 
of  higher  sensory  organs.  In  Mollnsca  (see  vol.  xvi.  p.  635,  fig.  1)  the  nervous 
system  is  divided  into  a  superior  ganglionic  mass,  which  lies  above  the  com- 
mencement of  the  oesophagus — the  supra-oesopliageal  or  cerebral  ganglia — and  a 
ventral  mass  which  is  connected  with  the  other  by  commissures,  and  forms 
the  inferior  or  pedal  ganglia.  They  are  both  paired.  The  cerebral  ganglion  is 
connected  with  the  sense-organs.  Both  the  cerebral  and  the  pedal  ganglionic 
masses  really  consist  of  ganglia  fused  together.  This  is  well  shown  in  some  of 
the  lower  forms,  in  which  the  pedal  ganglia  are  divided,  and  form  an  arrange- 
ment like  the  ventral  cord  of  the  Annulata.  The  remarkable  feature  in  tlie 
nervous  system  of  Mollusca  is  the  great  development  of  the  visceral  ganglia 
and  nerves  supplying  the  heart,  branchial  apparatus,  and  generative  organs  (see 
vol.  xvi.  p.  643,  figs.  17,  IS  ;  p.  644,  figs.  20,  21,  22 ;  p.  647,  figs.  34,  35  ;  p.  648, 
fig.  36).  In  the  Lamellibranchia  the  cerebral  ganglia  are  very  small,  owing  to 
.  the  absence  of  a  head  and  its  sense-organs.  In  some  forms  they  are  placed  so 
much  to  the  side  as  to  be  united  by  a  long  commissure.  There  are  also  two 
pedal  ganglia,  of  a  size  projiortional  to  the  degree  of  development  of  the  foot. 
The  visceral  ganglionic  mass  is  often  the  largest.  It  lies  behind  the  posterior 
adductor  muscle,  and  is  united  by  long  commissures  to  the  cerebral  ganglion 
(vol.  xvi.  p.  693,  fig.  144).  The  nervous  system  of  the  Gastropoda  is  remark- 
able for  the  large  size  of  the  cerebral  ganglia.  In  the  Pteropoda  the  cerebral 
ganglia  either  retain  their  lateral  position  or  approach  the  pedal  ganglia,  with 
which  the  visceral  ganglia  are  also  fused.  The  three  ganglionic  masses,  cerebral, 
pedal,  and  visceral,  are  also  represented  in  the  Cep>hcdopoda,  but  they  are  more 
approximated  by  the  shortening  of  the  commissures.  The  ganglionic  masses 
consequently  are  of  gi-eat  size,  and  they  are  more  differentiated  than  any  other 
ganglia  in  invertebrates.  It  is  possiiale  to  distinguish  an  outer  grey  layer, 
formed  of  ganglionic  cells,  surrounding  a  white  layer,  composed  of  "fibres  (vol. 
xvi.  p.  679,  figs.  113,  114,  115),  Lastly,  in  Tunicata  the  nervous  sy.stem  is 
dorsal,  instead  of  ventral,  as  in  other  invertebrates.  It  is  developed  from  the 
ectoderm,  or  outermost  layer  of  the  embryo,  by  an  infolding  so  as  to  form  at 
first  a  groove  and  afterwards  a  tube.  In  the  Asciilian  larvie  this  nervous  tube 
reaches  throughout  the  length  of  the  tail,  and  we  have  thus  the  remarkable 
condition  of  a  dorsal-median  nerve-cord,  analogous  to  the  eerebro-spinal  system 
of  vertebrates.  Further,  enibryologists  are  of  opinion  that  this  rudimentary 
nervous  system  is  the  true  central  organ,  although  the  greater  portion  of  it 


disappears  by  the  atrophy  of  the  tail  in  the  passage  from  the  larval  to  the  adult 
state.  (Gegenbauer.) 

Com2mrativc  View  of  Nervous  System  of  Vertebrates. — To  under-  Nervous 
stand  the  structure  of  the  complicated  central  nervous  .system  of  .system  of 
vertebrates,  and  to  appreciate  the  physiological  importance  of  its  verte- 
various  parts,  it  is  necessary  to  trace  its  development  in  the  embryo  brates. 
and  to  note  the  various  forms  it  presents  from  the  lowest  to  the 
highest  vertebrates.    A  consideration  of  the  embryological  and 
morphological  aspects  of  the  subject  clears  up  many  difficult 
problems  which  a  study  of  the  human  nervous  system,  by  far  thi' 
most  complicated  physiological  sy.stem  in  the  body,  fails  to  do,  and 
in  particular  it  gives  an  intelligent  conception  of  its  architecture, 
as  seen  both  in  simple  and  complex  forms.    The  cerebro-spinal  axis 
begins  in  tlie  embryo  as  a  tube  of  nervous  matter  produced  by  an 
infolding  of  the  cpiblast,  or  outermost  embryonic  layer.    The  tube 
widens  at  its  anterior  end,  and,  by  constrictions  in  its  wall,  three 
lirimary  cerebral  vesicles  are  formed,  which  afterwards  become  the 
anterior,  middle,  and  posterior  parts  of  the  brain.    In  the  fully- 
developed  condition  the  cavity  of  the  tube  remains  as  the  central 
canal  of  the  spinal  cord  and 
the  ventricles  of  the  brain, 
whilst  the  various  parts  of 
the  brain  and  cord  are  formed 
by  thickenings  in  its  -walls.  , 
The    three   cerebral  vesicles  ^ 
have  been   called   the  fore- 
brain,  the  mid-brain,  and  the 
hind-brain.  A  protrusion  from 
the  anterior  cerebral  yesicle, 
at  first  single,  but  afterwards 
divided  by  a  median  cleft, 
becomes  the  rudiment  of  the 
cerebral  hemispheres  [jvoseii- 
cephala),  the  cavity  remain- 
ing ill  the   adult  condition 
as  the   lateral   ventricle  on 
each  side.    From  each  cerebi'al 
vesicle  another  hollow  process 
protrudes  which  constitutes 
the    olfactory   lobe  (rJiinen- 
cephalon).    What  remains  of 
the  cavity  of  the  first  vesicle 
becomes  the  third  ventricle 
{thalmncnccphalon).  In 
outer  and  under  walls  of  the 
prosencephala    a  thickening 
is    formed    which  becomes 
the  corpora  striata,  two  large 
bodies  in  the  floor  of  the 
lateral  ventricles  of  the  adult 


Fig.  13. 


the  13.— Outline  from  above  of  embryo 
chick  in  first  half  of  the  second  day.  1 
to  2,  three  primary  encephalic  vesicles 
enclosed  in  front  and  at  the  sides  by 
the  cephalic  fold  ;  3,  hinder  extremity  of 
medullary  canal  dilated  into  a  rhomboid 
space  in  which  is  the  primitive  trace  ;  4, 
4,  seven  proto-vertebral  somites.  (Quain's 
Anatomy.) 

brain,  whilst  the  roof  is  modi-  ^lo.  14. -Embryo  of  dog,  more  advancecl, 

seen  from  above  (after  Bischon).  Ihe 
medullary  canal  is  now  closed  in  ;  c,  an- 
terior encephalic  vesicle  ;  o,  primitive 
optic  vesicle ;  an,  primitive  auditory 
vesicle,  opposite  third  encephalic  vesicle; 
am,  cephalic  fold  of  ainni(m  ;  ov,  vitelline 
veins  entering  heart  posteriorly  ;  pv, 
proto-vertebral  somites.  (Quain's  Ana- 
tomy.) 


fied  into  the  substance  of  the 
cerebral  hemisjiheres.  Im- 
mediately behind  the  corpora 
striata,  and  in  the  floor  of 
the  thalamencephalon,  two 
similar  thickenings  occur 
which  become  the  qp)!ic  tlm- 
lami,  a  thin  layer  between  the  two  constituting  the  tmvia  scmi- 
circularis,  and  the  Y-shaped  canal  pas.sing  from  the  cavity  be- 
tween the  thalami  to  the  cavities  in  the  cerebral  hemispheres 
(lateral  ventricles)  is  the  foramen  of  Monro.  The  floor  of  the 
third  ventricle  is  produced  into  a  conical  process,  the  infundi- 
bulum,  at  the  blind  end  of  which  is  the  pituitary  body,  or  hypo- 
p>hysis  cerebri.  The  roof  of  this  ventricle  is  very  thin,  and  in  con- 
nexion with  it  is  developed  the  pineal  gland,  or  epi})hysis  cerebri. 
Transverse  fibres  pass  from  the  one  coipus  striatum  to  the  others, 
constituting  the  v)hile  commissure,  whilst  the  two  optic  thalami  are 
connected  by  two  grey  commissures.  In  mammals  the  two  cerebral 
hemispheres  are  connected  by  a  large  and  important  set  of  com- 
missural fibres,  forming  the  corpus  callosiim.  In  addition  there  are 
certain  sets  of  longitudinal  commissural  fibres.  Thus  two  sets  of 
fibres  arise  from  the  floor  of  the  third  ventricle,  arch  upwards,  and 
form  the  anterior  pillars  of  the  fornix.  These  are  continued  over 
the  roof  of  the  third  ventricle  and  run  backwards,  constituting  the 
body  of  the  fornix.  Behind  this  the  bands  diverge  so  as  to  form 
the  posterior  pillars  of  the  fornix.  In  the  higher  vertebrates  the 
upper  lip  of  the  foramen  of  Monro  thickens,  and  becomes  converted 
into  a  bundle  of  longitu<linal  fibres,  which  is  continuous  anteriorly 
with  the  anterior  pillars  of  the  fornix.  These  are  continued  back 
between  the  inner  boundary  of  the  cerebral  hemisphere  and  the 
margin  of  the  corpora  striata  and  optic  thalami,  and  jiroject  into 
the  lateral  ventricle,  forming  the  ippocrtmpius  major.  As  in  highly- 
formed  bi'ains  the  corpus  callosum  passes  across  considerably  above 
the  level  of  the  fornix,  a  portion  of  the  inner  wall  of  the  hemisphere 
on  each  side  and  a  space  between  are  intercepted.  The  two  inner 
walls  constitute  the  septum  lucidum,  and  the  space  the  cavit}'  of 
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the  fifth  ventricle.  By  a  tliiekening  of  the  floor  of  the  middle 
cerebral  vesicle  {mcscnccplialon)  two  large  bundLs  of  longitudinal 
fibres,  the  crura  cerebri,  are  formed,  whilst  its  roof  is  modified  into 
the  optic  lobes,  corpora  biyemina  or  corpora  quadrigemina.  The 
cavity,  reduced  to  a  mere  tube,  is  the  iter  a  tertio  ad  qiuirtum  voi- 
iriculuni,  or  the  aqueduct  of  Sylvius.  The  third  cerebral  vesicle, 
mylencephaloii,  undergoes  less  modification  than  the  others.  The 
upper  wall  is  exceedingly  thin  before  the  cerebellum  so  as  to  form 
a  lamina,  the  valve  of  Vieussens,  whilst  the  part  behind  is  covered 
only  by  membrane,  and  opens  into  the  posterior  subarachnoid  space. 
The  cerebellum  makes  its  appearance  as  a  thin  medullary  lamina, 
forming  an  arch  behind  the  corpora  quadrigemina  across  the  wide 
primitive  medullary  tube.  The  portion  foi'ming  cerebellum,  2>o<if> 
Varolii,  and  the  anterior  part  of  the  fourth  ventricle  is  termed  the 
epencepluiloii,  whilst  the  remaining  portion,  forming  the  medulla 
oblongata  and  foiu'th  ventricle,  is  the  'iiietencejjhalon.  These  facts 
are  briefly  summarized  as  follows  (Quain,  vol.  ii.  p.  828). 

( Cerebral     lieiiiisplieres,  corpora 
I'd.  Prosencephalon  )     striata,  corpus  callosuin,  fornix, 
— Fore-brain,    j    lateral  ventricles,  olfactory  bulb 
1.  Anterior  cerebral!  \  (rhineneeplialon). 

vesicle.  j  6.  Thalamenceph-  t  Optic  tlialauii,  pineal  gland,  pitui- 

alon  —  Inter-  J.  tary  body,  tliird  ventricle,  optic 
brain.  (    nerve  (primarily). 

2  Middle  cerebral     ( r   IVfesencptibnlnn   f  Corpora  quadrigemina,  crura  cere- 
V    cle  I       -MiS^i  ain  «?"«duct  of  Sylvius,  optic 

I  •         nerve  (secondarily). 

( d.  Epeneephalon    (  Cerebellum,  pons  Varolii,  anterior 
3.  Posterior  primary  J       —Hind-brain.  (     part  of  the  fourth  ventricle. 

vesicle.  j  e.  Metencephalon  j  Medulla   oblongata,   fourth  ven- 

\       —After-brain.  (    triele,  auditory  nerve. 

The  general  architecture  of  the  brain  considered  in  this  way  will 
be  understood  by  the  diagram  in  fig.  15,  whilst  details  as  to  the 
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Fig.  15.— Diagrammatic  longitudinal  and  vertical  section  of  a  vertebrate  brain. 
The  lamina  terminalis  is  represented  by  the  strong  black  line  between  FM 
and  3.  Mb,  mid-brain,  what  lies  in  front  of  this  being  the  fore-brain,  and  what 
lies  behind  the  hind-brain  ;  Olf,  the  olfactory  lobes  ;  Hmp,  the  hemisplieres  ; 
ThE,  the  thalamencephalon  ;  Pn,  the  pineal  gland  ;  Py,  the  pituitary  body  ; 
FM,  tlie  foramen  of  Monro  ;  CS,  the  corpus  striatum ;  Tk,  the  optic  tlialamus  ; 
CQ,  the  corpora  quadrigemina ;  CC,  the  crura  cerebri ;  Cb,  the  cerebellum ;  PV, 
the  pons  Varolii ;  MO,  the  medulla  oblongata  ;  I,  olfactorii ;  II,  optici ;  III, 
point  of  exit  from  the  brain  of  the  motores  oculorum  ;  IV,  of  tlie  pathetici ; 
V,  of  the  abducentes  ;  VI-XII,  origins  of  the  other  cerebral  nerves  ;  1, 
olfactory  ventricle ;  2,  lateral  ventricle ;  3,  third  ventricle ;  4,  fourth  ven- 
tricle. (Huxley.) 

exact  anatomy  of  the  liuman  brain  will  be  found  under  Anatomy 
(vol.  i.  p.  869  sq. ). 

The  complex  structure  of  the  brain  in  the  higher  animals  arises 
to  a  large  extent  from  the  great  development  of  the  cerebral  hemi- 
spheres. At  a  very  early  period  these  grow  forward  and  project 
more  and  more  beyoud  the  region  of  the  fii-st  primary  vesicle, 
.  which,  as  has  been  noticed,  never  ad- 
vances farther  forward  than  the  pituitary 
fossa  {lamiiui  terminalis) ;  in  expanding 
upwards  they  take  the  place  previously 
occupied  by  the  mid -brain,  and  fill  the 
most  prominent  part  of  the  head  ;  and 
by  a  downward  and  lateral  enlargement 
B 


Fig.  16.— Surface  of  foetal  brain  at  six  months  (from  R.  Wagner).  Tliis  figure 
is  intended  to  show  the  commencement  of  formation  of  the  principal  lissures 
and  convolutions.  A,  from  above  ;  B,  from  left  side.  F,  frontal  lobe ;  P, 
parietal ;  0,  occijjital ;  T,  temporal ;  a,  a,  a,  slight  appearance  of  several 
frontal  convolutions  ;  s,  Sylvian  Assure ;  s',  its  anterior  division  ;  within  C, 
central  lobe  or  convolutions  of  island  of  Reil ;  r,  fissure  of  Rolando ;  2h 
parieto-oeeipital  fissure.  (Quain.) 

they  form  the  temporal  lobes.  Thus  frontal,  parietal,  and  tem- 
poral lobes  come  to  be  distinguishable,  and  somewhat  later,  by  a 
farther  increase  posteriorly,  the  hindmost  lobes  constitute  the 


occipital  lobes,  and  the  cerebrum  at  last  covers  completely  all  the 
lower  pai'ts  of  the  brain.  The  hemispheres,  therefore,  which  are 
small  in  the  early  embryo  of  all  animals,  and  in  adult  fishes  perma- 
nently, attain  so  large  a  size  in  man  and  in  the  higher  animals  as 
to  conceal  all  the  other  parts.  Whilst  this  general  development  is 
going  on  the  layer  of  grey  matter  on  the  surface  of  the  heuiisiihcres 
increases  to  such  an  extent  as  to  throw  the  surface  into  folds  or  con- 
volutions. The  upper  surface  of  the  hemispheres  is  at  first  smooth 
(see  fig.  16).  The  first  appearance  of  division  into  lobes  is  that  of 
a  blunt  notch  between  the  frontal  and  temporal  parts  below,  in 
what  afterwards  becomes  the  Sylvian  fissure.  In  the  fourth  and 
fifth  months  there  appear  the  vertical  fissui-e,  separating  the  parietal 
and  occipital  lobes,  and  the  transverse  fissure,  called  the  fissure  of 
Rolando,  which  divides  the  frontal  and  parietal  lobes  sujjeriorly, 
and  which  is  peculiarly  characteristic  of  the  cerebral  type  of  man 
and  of  the  apes  (Allen  Thomson).  Then  the  convolutions  appear 
from  the  formation  of  secondary  grooves  or  sulci,  for  even  at  birth 
they  are  not  fully  perfected  ;  and  by  the  deepening  of  the  grooves 
and  the  formation  of  subordinate  ones  the  jirocess  goes  on  during 
the  first  years  of  infancy.  For  the  convolutions  see  vol.  i.  p.  873  ; 
also  Phrekology,  vol.  xviii.  p.  847. 

The  evolution  of  the  brain  throughout  the  animal  kingdom  shows  Develc 
a  graduated  series  of  increasing  complicalion  proceeding  out  of  the  ment  < 
same  fundamental  type  ;  so  that  the  forms  of  brain  found  perma-  brain  i 
nently  in  fishes,  amphibians,  reptiles,  birds,  and  in  the  lower  mam-  animal 
mals  are  rejjetitions  of  those  shown  in  the  stages  of  the  embryonic  series 
development  of  the  brain  of  one  of  the  higher  animals. 

In  the  whole  class  of  fishes  the  brain  retains  throughout  life  more 
or  less  of  the  elementai-y  form, —  that  is,  it  consists  of  a  scries  of 
enlargements,  single  or  in 
paii's  (see  fig.  17,  C).  The 
simplest  of  all  forms  is 
in  the  lancelet  {Branchio- 
stoma),  in  which  there  is 
no  distinction  between 
brain  and  cord,  there  being 
no  anterior  enlargement  to 
form  an  encephalon.  In 
the  Cyclostomata,  as  the 
lampreys,  the  form  is 
nearer  that  of  the  embryo 
when  the  five  fundamental 
parts  of  the  brain  can  be 
distinguished.  At  this 
stage  the  cerebrum  and 
cerebellum  are  extremely 
small,  wliilst  the  ganglia 
chiefly  developed  are  those 
connected  with  the  organs 
of  sense,  more  especially 
those  of  vision.  In  the 
sharks  and  skaXe,s{Selcu:hii, 
or  cartilaginous  fishes)  the 


Fig.  17.— Tj-pical  forms  of  brains  of  lower 
vertebrates.  A.  Brain  of  tortoise  {Tcstudo). 
1,  olfactory ;  2,  cerebral  lobes  ;  3,  corpora 
striata  ;  4,  optic  lobes  ;  5,  medulla.  Part  of 
tlie  surface  of  the  cerebral  lobes  has  been 
removed  to  show  the  cavities  in  tlie  interior, 
termed  "the  ventricles."  Immediately  be- 
hind 4,  the  optic  lobes,  is  the  imperfectly^ 
developed  cerebellum.  B.  Brain  of  common 
frog  (Italia),  a,  olfactory ;  b,  cerebral  lobes 
covering  corpora  sti  iata ;  c,  corpora  quadri- 
gemina, or  optic  lobes ;  d,  cerebellum  (rudi- 
mentary) ;  s,  back  of  medulla,  showing  fossa. 
C.  Brain  of  gurnard  {Trigla).  1,  olfactory;  2, 
cerebral  lobes ;  3,  oijtic  lobes ;  4,  cerebellum. 


cerebral  portion  is  consi 
derably  larger.  In  osseous  fishes  ( Tcleostci)  the  thalamencephalon 
is  so  fused  with  the  mesencephalon  as  to  make  the  homologj'  of 
the  parts  difficult  to  trace,  but  both  cerebeUuni  and  cerebrum  are 
still  small  relatively  to  the  rest  of  the  brain.  The  most  imjiortant 
part  of  the  brain  of  a  fish  is  the  part  behind  the  mesencephalon,  as 
from  it  all  the  cerebral  nerves  originate.  Thus  not  only  are  the 
optic  lobes  relatively  important  as  being  the  centres  of  vision,  but 
the  medulla  oblongata  is  usually  very  large.  In  many  sharks  it 
forms  the  largest  part  of  the  brain  (Gegenbauer).  The  spinal 
lobes  of  the  electric  fishes  are  differentiations  of  this  portion  of  the 
encephalon. 

In  the  Amphibia  the  hemispheres  are  larger,  and  are  divided  into 
two  parts  (see  fig.  17,  B).  In  the  Urodcla  (siren,  proteus,  triton, 
newt)  the  mesencephalon  remains  small,  and  consists  of  one  lobe, 
but  in  the  Anura  (frogs,  toads,  &c. )  there  is  an  advance  in  this  part, 
it  being  divided  into  two.  In  reptiles  there  is  still  an  advance  in 
the  size  of  the  thalamencephalon  and  mesencephalon,  and  the  pros- 
encephalon is  so  large  as  to  pass  baticwards  and  overlap  the  thalam- 
encephalon. The  cerebellum  (metencephalon)  is  still  small, 
especially  so  in  Opihidii  (serpents)  and  Saurii  (lizards),  but  in  the 
Chelonii  (tortoises,  &c.)  and  in  Crocodilini  (crocodiles,  alligators) 
it  is  larger.  In  the  crocodile  there  is  a  transverse  grooving  of  the 
cerebellum,  giving  rise  to  foliation  or  laminar  division,  which  is 
carried  much  farther  in  birds  and  mammals,  indicating  a  greater 
power  of  co-ordination  or  regulation  of  movement. 

In  birds  (fig.  18)  the  vesicles  of  the  mid-brain  are  partially  hidden 
by  development  of  the  cerebral  hemispheres.  These  are  connected 
by  a  fine  anterior  commissure,  and  they  contain  a  large  amount  of 
ganglionic  matter  bulging  into  the  primitive  cavity  or  ventricles, 
which  are  of  very  small  size.  The  middle  portion  of  the  cerebellum 
shows  a  distinctly  laminated  structure  and  a  differentiation  into 
white  and  grey  matter.  But  there  is  no  pons  Varolii,  nor  corpus 
callosum,  nor  forni.x,  nor  hippocampus.    In  the  floor  of  the  lateral 
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ventricles  may  be  seen  a  ganglionic  mass  corresponding  to  corjius 
striatum  and  optic  thalamus.  The  optic  lobes  are  relatively  large 
and  show  considerable  differen- 
tiation of  structure.  ,, 

Mammals,  even  the  lower 
orders,  not  only  show  a  general 
enlargement  of  the  cerebral 
hemispheres,  but  we  find  a 
commissure,  the  corpus  cal- 
losum,  uniting  them.  This 


commissure  is  of  small  size,  Fio.  is.— Typical  brain  of  bird.   A,  view 

from  above ;  B,  lateral  viev/  of  a  bisected 
brain.  A.— a,  olfactory ;  i,  cerebral 
lobes;  c,  optic  or  bigeminal  lobes;  d, 
cerebellum  ;  e,  medulla  oblongata  ;  and 
/.  spinal  cord.  B.— o,  cerebrum  ;  h,  cere- 
bellum ;  c,  olfactory  ;  if,  optic  nerves  ;  e, 
medulla ;  /,  spinal  cord. 


and  is  confined  to  the  fore 
part  of  the  hemispheres  in 
Monotremata{0  niithorhynchxts. 
Echidna)  and  Ilarsupialia 
(kangaroos,  &c.),  and  in  some 
of  the  Edentata  (ant-eaters, 
sloths,  &c. ),  but  it  gradually  extends  farther  and  farther  back  as 
we  ascend  to  the  higher  orders.  The  chief  changes  thus  occur  in 
the  prosencephalon.  In  the  lower  orders  of  mammals  the  hemi- 
spheres are  comparatively  small  and  sim])le,  and  do  not  present 
any  division  into  convolutions,  and  very  little  distinction  even  of 
lobes.  The  cerebral  hemispheres  gradually  grow  backwards,  cover- 
inc  mid -brain,  cerebellum,  and  medulla  oblongata,  as  we  find  in 
the  higher  Primates  (monkeys,  apes,  and  man).  There  is  also  a 
generaf  enlargement  of  the  brain  and  of  the  cranial  cavity.  The 
development  of  a  posterior  lobe  only  takes  place  in  the  higher 
orders,  and  in  these  also  the  enlargement  of  the  frontal  lobes 
brings  the  front  of  the  cerebrum  more  and  more  over  the  nasal 
cavities,  causing  a  development  of  forehead.  This  also  explains 
how  the  olfactory  bulbs  in  more  highly-formed  brains  are  thrown 
below  the  frontal  part  of  the  hemispheres,  instead  of  originating  at 
their  anterior  borders.  But  the  internal  arrangements  of  the  brain 
also  become  more  complicated.  The  fornix,  already  described, 
establishes,  by  its  longitudinal  commissural  fibres,  a  connexion 
between  the  anterior  and  posterior  lobes  of  the  cerebrum.  In  the 
Monotrcmata  and  Marsupialia  the  mid-brain  retains  a  bifid  form, 
constituting  the  optic  lobes,  or  corpora  bigemina,  but  in  all  higher 
animals  each  is  divided  into  two  by  a  transverse  groove,  forming 
the  corpora  quadrigemina,  of  which  the  anterior  pair  is  tlie  largest. 
As  we  ascend  also,  we  find  the  surface  of  the  brain  becoming  more 
and  more  convoluted  (see  figs.  19 
and  20).  This  is  the  general  fact ; 
but  whilst  the  convolutions  are 
most  numerous  and  deepest  in  the 
highest  orders  there  is  no  regular 
gradation,  as  in  each  group  there 
are  very  great  variations  in  the 
degree  of  convolution  (Allen  Thom- 
son). Thus  in  the  Monotrcmata 
the  Echidna  has  a  more  convoluted 
cerebrum  than  the  Ornithorhynchus, 
whilst  in  the  Primates  the  brains 
of  the  marmosets  show  a  compara- 
tively smooth  non-convoluted  .sur- „  t,  i  ■  ■,  ,r 
,.  •  i  -1  ■  J.  4.  i  -1  Fig.  19. — Rabbit  s  brain.  1,  olfac- 
iace,  m  striking  contrast  to  the  rich  ^ory ;  2,  surface  of  cerebral  liemi- 
convolutions  seen  on  the  brains  of  sphere ;  3,  lateral  ventricle,  on  the 
the  higher  monkeys  and  of  the  floor  of  which  is  seen  the  corpus 
nnpq  Tt  k  I'mnni+qut  tn  iintp  that  striatum  ;  4,  cerebellum, 
apes.  It  IS  impoitant  to  note  tnat  p,^^  20.-Cafs  brain,  showing  con- 
the  cerebellum  also  becomes  more  voluted  surface.  Contrast  the  form 
and  more  complicated  as  we  ascend  of  the  cerebellum  in  the  cat  and 
from  the  lower  to  the  higher  groups.  "'^  rabbit.  In  the  cat  the  central 
..r;,  1  1  11  lobe  IS  small,  whilst  the  lateral 
At  first  merely  a  lamina  or  band,  as  y^-^^^  ^re  largely  developed, 
seen  in  fishes  and  amphibia,  it  is  a 

centrally  diff'erentiated  body  in  crocodiles.  In  birds  there  is  an 
indication  of  a  division  into  three  portions,  a  central  and  two 
lateral,  whilst  the  central  is  by  far  the  larger,  the  two  lateral 
being  feebly  developed.  In  Monotrcmata  the  central  portion  is 
larger  than  the  lateral,  but,  wdiilst  it  is  larger  in  Marsupialia, 
Edentata,  and  Cheiro})tcra  (bats,  &c.),  it  is  clear  that  the  lateral 
jiortions  are  increasing  in  size  so  as  to  make  the  disproportion 
less.  But  in  Carnivora  (felines,  hyfena,  otter,  bear,  &c. )  and  in 
Unqulata  (sheep,  ox,  camel,  rhinoceros,  horse)  the  lateral  lobes, 
or  hemispheres,  of  the  cei'ebellum  develop  to  a  much  greater  size  ; 
and  in  most  of  the  Primates  they  are  much  larger  than  the  median 
■[lortion,  which  is  now  called  the  worm  or  "vermiform  pro- 
cess. "  As  regards  the  development  of  the  spinal  cord  continuous 
with  the  medulla  oblongata,  it  need  only  be  said  that  it  does  not 
show  any  marked  peculiarities  of  structure  in  different  animals. 
The  grey  matter  from  which  nerve-fibres  originate  and  in  which 
they  end  is  found  in  the  centre  of  the  cord,  and  it  is  most  abundant 
in  the  regions  associated  with  the  development  of  limbs.  The 
white  matter  is  external,  and,  in  the  cords  of  the  higher  animals, 
can  be  differentiated  by  fissures  into  columns,  the  special  functions 
of  which  will  be  hereafter  considered.  The  size  of  the  cord  is 
influenced  by  the  masses  of  nerves  given  off  from  it,  so  that  it 
attains  its  greatest  thickness  and  development  in  the  four  higher 


fig.  20. 


divisions  of  the  vertebrates  possessing  limbs.  Thus,  too,  are  formed 
cervical,  dorsal,  and  lumbar  enlargements,  contrasting  with  the 
more  uniform  and  ribbon-like  form  of  the  cord  in  fishes,  although 
even  in  these  tliere  are  special  enlargements  corresponding  to  the 
points  of  exit  of  important  sjiinal  nerves. 

■Size  and  Weight  of  Bruin.— The  gradual  increase  in  the  size  of  the  brain,  as  Size  and 
compared  with  that  of  the  Imdy,  which  is  observed  as  we  rise  in  the  animal  ^ygjo-litof 
scale,  has  some  intimate  proiKirtioiial  relation  to  a  corresponding  increase  ofi 
the  nervous  and  mental  ondowmeiits.  Information  as  to  the  size  of  the  brain  i^''"''- 
may  be  obtained  by  direct  measurement  of  dimensions  and  weight ;  but  as  this 
is  often  difficult  recourse  may  be  had  to  the  measurement  of  the  cajiacity  of 
the  cranium,  which  contains,  however,  not  only  the  brain  but  its  accessories, 
such  as  membranes  and  blood-vessels.  Details  will  be  found  in  vol.  i.  p.  S79. 
After  considering  the  measurements  of  several  thousand  skulls  made  by  ditl'er- 
ent  observers,  the  late  Dr  Allen  Tliomson  arrived  at  the  conclusion  that  the 
cranial  capacity  is  on  the  whole  greater  among  the  highly-civilized  than  among 
the  savage  races,  and  that  there  is  even  a  very  manifest  difference  to  be  found 
between  persons  of  higher  mental  cultivation  and  acknowledged  ability  and 
those  of  the  uneducated  class  and  of  inferior  intellectual  powers  ;  and  he  states 
further  tliat  the  amount  of  this  difference  may  be  from  5  to  7^  per  cent,  in 
persons  of  the  same  race,  and  about  double  that  range  in  those  of  different 
races.  Thus,  the  average  adult  brain  of  men  in  Britain  being  taken  at  3  lb,  or, 
more  precisely,  at  40i  cjz.  avoir,  (women,  about  44  to  44^  oz.),  at  an  average 
specific  gravity  of  1040,  would  give  a  bulk  of  82 '5  cubic  inches  of  brain-sub- 
stance ;  10  per  cent,  being  deducted  for  loss  by  membranes,  fluid,  &c.,  the  cranial 
capacity  will  be  about  90  inches.  Conversely,  the  weight  of  the  brain  may  be 
calculated  from  the  known  cranial  capacity.  If,  therefore,  the  brain  of  the 
uneducated  class  falls  2-5  oz.  below  the  average,  whilst  that  of  the  more  culti- 
vated jiersons  rises  to  the  same  amount  above  it,  or  to  52^  oz.,  we  may  regard 
these  brain-sizes  as  corresponding  with  brain-bullis  and  cranial  capacities  of  78 
and  87  cubic  inches,  and  of  88  and  97  cubic  inches  respectively.  The  average 
brain-weight  of  an  Australian  aboriginal  man  is  about  42  oz.,  eorres]ionding  to 
a  brain-bulk  of  about  70  cubic  inches,  and  a  cranial  capacity  of  about  78  cubic 
inches.  Thei'e  are,  however,  great  variations  in  all  races.  Thus  the  brain  of 
Cuvier,  the  great  naturalist,  weighed  05  oz.  avoir.,  corresponding  to  a  brain- 
bulk  of  108  cubic  inches  and  a  cranial  capacity  of  118  cubic  inches  ;  wliilst,  on 
the  other  hand,  in  Europeans  the  brain-weight  has  fallen  as  low  as  32  oz.,  or 
a  brain-bulk  of  53  cubic  inches  and  a  cranial  capacity  of  63  cubic  inches.  The 
brains  of  the  anthropoid  apes — gorilla,  chimpanzee,  and  orang — are  all  inferior 
to  man  in  their  dimensions.  In  the  gorilla  the  brain  does  not  attain  more 
than  a  third  of  the  weight  of  the  average  human  brain,  and  in  the  chimpianzee 
and  orang  it  does  not  reach  a  fourth,  so  that  the  ratio  of  brain-weight  to  body- 
weight  in  these  animals  may  be  as  1  to  100,  whilst  in  man  it  ranges  from  1  to 
40  to  1  to  50.  It  is  remarkable  that  in  general  among  the  largest  animals  of 
any  group  the  brain  does  not  reach  a  size  proportionate  to  the  greater  magni- 
tude of  the  other  organs  or  of  the  whole  body,  so  that  in  the  smaller  members 
of  the  same  order  a  considerably  greater  jiroportional  size  of  the  brain  is 
observed.  Thus  in  the  small  marmosets  the  proportion  of  the  brain-weight  to 
the  body-weight  may  be  1  to  20,  or  more  than  double  the  proportion  in  man. 
Similar  facts  are  brouglit  out  in  comparing  the  brains  of  cetaceans,  pachyderms, 
dogs,  (Sic,  as  shown  in  the  following  table. 

Table  of  comparative  sizes  of  Brain  and  Body. 


Examples. 

Brain- 
weight  in 
oz.  avoir. 

Internal 
cranial 
bulk  in 
cub.  in. 

Wliole  weight 
of  the  body 
in  lb. 

Proportion 
of  brain  to 
body  weight 

Average  European  man 

Child  at  birth   

Chimpanzee   

^farmoset   

Miiidle-sized  dog  

Small  dog   

Elephant  

Pig   

Whale  1   

Porpoise  

48  (3  lb) 

12 

10 

I 

H 

2h 

144'(9  lb) 
6 

96  (6  lb) 
16 

85  to  88 
22 
19 

6 

300 
11 

650 
30 

140 

50^^ 

6  oz. 
36 

7 

6,720  (3  tons) 
94 

134,400  (60  ton.s) 
60 

1  to  46 
1  to  10 
1  to  80 
1  to  18 
1  to  164 
1  to  45 
1  to  747 
1  to  250 
1  to  22,400 
1  to  CO 

Although  the  proportion  of  brain-weight  to  body-weight  in  a  male  child  at  birth 
is  1  to  10,  yet  so  rapidly  does  the  brain  continue  to  grow  during  the  early  period 
of  childhood  that  by  the  age  of  three  years  it  has  attained  more  than  three- 
fourths  of  its  full  size,  by  the  age  of  seven  years  it  has  reached  the  proportion 
of  nine-tenths,  and  after  this,  only  by  slow  and  small  gradations,  it  attains  the 
full  size  between  the  ages  of  twenty  and  twenty-five  years.'-   See  Phrenology. 

From  this  survey  of  the  comparative  development  of  the  brain  Com- 
the  following  general  conclusions  can  be  drawn.  parative 

1.  The  first  and  essential  portion  of  the  cerebro-spinal  axis  is  develop- 
the  portion  forming  the  spinal  cord  and  medulla  oblongata,  inas-  meut  of 
much  as  it  is  found  throughout  the  whole  range  of  vertebrate  brain, 
existence,  and  is  connected  with  the  reflex  or  automatic  movements 

on  which  locomotion,  respiration,  and  the  circulation  more  or  less 
depend,  and  with  the  simple  sense  of  contact,  or  touch,  or  press- 
ure.   This  portion  is  necessary  to  mere  existence. 

2.  "When  higher  senses  are  added,  such  as  those  of  taste,  smell, 
hearing,  vision,  portions  of  the  anterior  part  of  the  cerebro-spinal 
axis  are  differentiated  so  as  to  form  centres.  The  earliest  and  most 
important  of  these  senses  (next  to  touch)  is  vision,  hence  the  high 
degree  of  development  of  the  optic  lobes  even  in  the  lowest  forms  ; 
to  these  are  added  the  optic  thalami,  which  may  be  regarded  as  the 
centres  of  tactile  sensations  involving  appreciation  of  differences  of 
touch  as  to  softness,  smoothness,  hardness,  &c.,  requiring  in  the 
])eriphery  special  terminal  organs.  Special  centres  for  hearing, 
taste,  and  smell  are  not  difierentiated.  It  is  remarkable  that  the 
organs  relating  to  the  sense  of  smell  are  most  anterior  and  most 
closely  related  with  the  prosencephalon,  indicating,  apparentl}^ 
that  this  sense  is  one  of  the  earliest  in  appearance,  and  probably, 
along  ^^•ith  vision  and  touch,  one  of  the  most  necessary  to  existence. 

1  The  large  cranial  bulk  in  this  instance  is  connected  'with  the  enormous  size 
of  the  roots  of  the  cranial  nerves. 

2  Many  of  the  facts  of  this  paragraph  as  to  size  and  weight  of  brain  are 
derived  from  an  unpublished  lecture  by  the  late  Dr  Allen  Thomson. 
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It  is  equally  striking  that  the  origin  of  the  auditory  nerves  should 
be  placed  so  far  back  as  in  the  medulla  oblongata  and  cerebellum, 
indicating  the  jirimitive  nature  of  simple  auditory  impressions  and 
their  relation  to  co-ordination  of  movement.  The  sense  of  taste 
originates  in  nerves  sjsringing  from  the  medulla,  and  in  close  con- 
nexion with  those  regulating  the  movements  of  the  tongue  and 
swallowing. 

3.  When  sensations  of  a  simple  character  are  elaborated  into 
ideas  and  give  rise  to  the  physical  changes  in  some  way  correlated 
to  mental  states,  involving  memory,  emotions,  volitions,  and  intel- 
lectual acts,  a  part  of  the  cerebro-spinal  axis  is  differentiated  for 
these  functions  in  proportion  to  the  extent  to  which  such  mental 
plienomena  are  manifested  by  the  animal.  Judging  from  the  facts 
obtained  by  comparing  animal  intelligences,  so  far  as  they  can  be 
appreciated  by  us,  we  have  the  right  to  infer  that  in  proportion  to  the 
degree  of  development  in  size  and  complexity  of  structure  so  is  the 
mental  condition  of  the  animal.  Taking  it  broadly,  there  can  be 
no  question  that  the  intelligence  of  a  bird  is  higher  than  that  of  a 
rejitile,  amphibian,  or  fish,  and  that  the  intelligence  of  the  higlicr 
mammals,  such  as  one  of  the  Primates,  is  superior  to  that  of  the 
lower,  as  one  of  the  Inscctivora  (hedgehog),  or  of  the  Marsiqrialia 
(kangaroo)  ;  and  along  with  the  higher  intelligence  is  the  more 
complex  brain.  There  are  qualifications  to  this  statement  to  be 
afterwards  alluded  to,  but  they  arise  from  deficient  knowledge  and 
do  not  vitiate  the  main  conclusion.  In  proportion,  therefore,  to 
the  degree  of  development  of  the  prosencephalon  do  we  find  the 
intelligence  of  the  animal,  and  we  may  regard  this  portion  as 
sujjeradded  to  the  cerebro-spinal  axis  as  the  organic  mechanism 
for  such  mental  operations. 

4.  There  is  also  a  correspondence  between  the  degree  of  develoj}- 
ment  of  the  cerebellum  and  the  faculty  of  co-ordination  of  move- 
ment. Movements  of  the  members  of  the  body  may  be  of  a  very 
simple  character,  or  they  may  be  very  complex.  They  may  be  due 
to  the  action  only  of  flexor  and  extensor  muscles,  causing  the  limb 
to  move  almost  in  the  same  plane,  or  they  may  be  associated  with 
the  action  of  adductor  and  abductor  muscles,  by  which  there  may 
be  many  kinds  of  circular  or  rotatory  movements.  There  is  a  gi'eat 
difference  between  the  movements  of  a  fish's  fin,  of  a  bird's  wing, 
of  a  horse's  fore-leg,  and  of  the  arm  of  a  monkey  or  a  man.  In  the 
first  three  they  are  almost  to-and-fro  movements,  unlike  the  deli- 
cate movements  of  flexion,  extension,  pronation,  supination,  and 
prehension  seen  in  the  latter.  Delicacy  of  movement  of  the  anterior 
limb  reaches  its  highest  condition  in  man.  It  may  be  jiut  generally 
that  simplicity  of  movement  is  associated  with  an  imperfectly- 
developed  cerebellum,  whilst  in  animals  having  the  power  of  com- 
plicated movements,  involving  especially  the  knowledge  of  how  the 
limbs  are  acting  at  any  moment,  and  of  adjustment  of  movement 
in  special  circumstances,  the  cerebellum  is  highly  develojied.  From 
this  point  of  view,  the  degree  of  development  of  the  cerebellum  is 
as  characteristic  of  man  as  the  degree  of  development  of  the  cere- 
brum. That  this  is  no  accidental  correspondence  will  be  shown  in 
treating  of  the  functions  of  the  cerebellum. 

Having  reviewed  the  physiological  anatomy  of  the  cerebro-spinal 
system,  an  account  will  now  be  given  of  the  more  special  physio- 
logy of  the  centres  composing  it, — namely,  spinal  cord,  medulla 
oblongata,  pons  Varolii,  basal  ganglia  (including  corpora  striata 
optic  thalami,  and  corpora  quadrigemina),  cerebellum,  and  hemi- 
spheres of  the  cerebrum. 

Spinal  Cord. — The  spinal  cord  is  described  at  vol.  i.  p.  865  sq. , 
but  it  is  necessary  here  to  allude  to  a  few  points  of  physiological 
importance.  The  cord  consists  externally  of  white  and  internally 
of  grey  matter.  The 
white  matter,  com- 
posed of  nerve-fibres, 
forms  a  series  of 
strands  or  columns  in 
each  half  of  the  cord. 
The  grey  matter  in 
the  central  part  of  the 
cord  is  arranged  in 
two  crescentic  masses, 
and  shows  under  the 
microscope  numerous 
multipolar  cells  con- 
nected with  nerve  - 
fibres  and  imbedded 

in  neuroglia,  or  the        21.— Transverse  section  through  spinal  cord, 
special        connective    AF,  antero-median,  and  PF,  postero-median  fis- 
sures ;  PC,  posterior,  LC,  lateral,  and  v4C,  anterior 


tissue  of  the  nerve-cen  - 
tres.  The  neuroglia 
is  composed  of  a  kind 
of  semi-fluid  matrix, 
fibrils,    and  peculiar 


columns  ;  AR,  anterior,  and  PR,  posterior  nerve- 
roots  ;  C,  central  canal  of  cord,  with  its  columnar 
epithelial  lining.  The  crescentic  arrangement  of 
the  grey  matter  is  shown  by  the  darker-shaded 
portion. 

cells  having  numerous  branches  called  "Deiter's  cells."  (See  fig. 
21.)  These  nerve-cells  are  arranged  in  definite  groups  and  occujiy 
the  same  relative  position  in  successive  sections,  forming  the  gan- 
glionic or  vesicular  columns  of  the  grey  matter,  as  follows.  (1)  Cells 


found  along  the  whole  of  the  anterior  part  of  the  anterior  cornua, 
many  of  the  processes  of  the  nerve-cells  being  continuous  with  the 
nerve-fibres  of  the  anterior  roots  of  the  spinal  nerves.  This  column 
of  nerve-cells  has  been  called  the  "  motor  ganglionic  column,"  or 
the  "vesicular  column  of  the  anterior  cornua."  (2)  A  group  or 
column  of  nerve -cells  at  the  inner  or  mesial  angle  of  the  base 
of  the  posterior  cornu,  in  tlie  middle  region  of  the  cord  from  the 
tliird  lumbar  to  the  seventh  cervical  nerve.  This  is  termed  the 
"  posterior  vesicular  column,"  or  "Clarke's  column,"  afterthelate 
J\lr  Lockhart  Clarke,  who  did  much  to  unravel  the  intricate  anatomy 
of  the  nerve-centres.  The  nerve-cell  processes  are  continuous  chiefly 
with  nerve-fibres  coming  from  the  lateral  column.  This  vesicular 
column  is  best  developed  where  the  column  of  the  anterior  cornu 
is  least  so.  (3)  The  third  column  of  nerve-cells  is  in  the  outer- 
most portion  of  the  grey  matter,  midway  between  the  anterior  and 
posterior  cornua.  Development  lias  shown  that  at  an  early  period 
the  anterior  horns  are  distinctly  difl'erentiated  from  the  jjosterior, 
and  that  the  grej'  matter  between  them  is  the  last  to  be  formed. 
The  nuclei  in  the  latter  may  be  regarded,  therefore,  as  accessory 
nuclei.  It  has  also  been  observed  by  Flechsig  and  others  that  the 
white  substance  of  the  cord  also  makes  its  appearance  first  in  the 
neighbourhood  of  the  anterior  and  posterior  roots.  The  cord  at  a 
very  early  period  consists  almost  entirely  of  grey  matter,  and  the 
columns  are  superadded  in  the  anterior  first,  the  posterior  last. 
The  posterior  can  also  be  traced  to  the  cortex  of  the  cerebellum 
(Flechsig). 

The  anterior  and  posterior  roots  of  the  spinal  nerves  are  attached 


along  the  sides 
of  the  cord,  op- 
posite to  the 
corresponding 
cornua  of  grey 
matter.  Some  of 
the  fibres  of  the 
anterior  roots 
end  in  nerve-cells 
in  the  anterior 
cornu.  Others 
pass  through  the 
grey  matter  and 
cross  to  the  other 
side  of  the  cord 
through  the  ante- 
rior commissuf-e, 
a  layer  of  white 
matter    at  the 
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bottom 
anterior 
fissure. 


of  the 
median 
A  third 


set  ijasses  to  the 
anterior  part  of 
the  lateral  col- 
umn and  to  the  22. — Diagram  to  illustrate  the  course  taken  by  the 
fibres  of  the  nerve -roots  on  entering  tlie  sjiinal  cord 
(Schafer;  Quain's  Anatomy),  a,  a,  two  funiculi  of  an- 
terior root  of  a  nerve  ;  1,  1,  some  of  their  fibres  passing 
into  lateral  cells  of  anterior  cornu  ;  1',  1',  others  passing 
into  mesial  cells  of  same  cornu  ;  2,  2,  fibres  passing  to 
lateral  column  of  same  side  without  joining  nerve-cells  ; 
3,  3,  fibres  passing  towards  posterior  cornu  ;  4,  4,  fibres 
passing  across  anterior  commissure,  to  enter  nerve-cells 
in  anterior  cornu  of  other  side  ;  p,  funiculus  of  posterior 
root ;  pi,  fibres  of  its  external  or  lateral  division  coming 
through  and  around  gelatinous  substance  of  Rolando  ; 
some  of  these  (5)  are  represented  as  becoming  longi- 
tudinal in  the  latter,  others  (f>,  6)  as  passing  towards 
anterior  cornu,  either  directly  or  after  joining  cells  in 
posterior  cornu,  and  others  (7)  as  curving  inwards  to- 
wards grey  commissure  ;  jmi,  fibres  of  mesial  or  inner 
division,  entering  into  posterior  column  and  then  be- 
coming longitudinal ;  p'm',  fibres  from  a  ])osterior  root 
which  had  joined  the  cord  lower  down  and  entered  pos- 
terior column,  now  passing  into  the  grey  matter  at  root 
of  posterior  coniu.  Of  these,  S  is  represented  as  enter- 
ing Clarke's  column,  9  as  curving  round  tliis  and  coursing 
to  anterior  commissure,  and  10  as  passing  towards  an- 
terior cornu, — the  axis-cylinder  processes  of  the  cells  of 
Clarke's  column  are  shown  arching  round  and  taking 
the  direction  of  the  lateral  column ;  amf,  anterior  median 
fissure ;  pmf,  posterior  median  fissure ;  cc,  central  canal ; 
SR,  substantia  gelatinosa  of  Rolando. 


posterior  cornu. 
The  course  of 
these  fibres  is 
shown  in  fig.  22. 
A  portion  of  the 
fibres  of  the  pos- 
terior roots  ends 
in  the  grey  mat- 
ter on  the  same 
side,  but  many 
cross  to  the  grey 
matter  on  the 
opposite  side. 
There  is  thus  a 
decussation  of 
fibres  connected 
with  both  the 
anterior  and  the 
posterior  roots. 
The  arrangement 
of  the  white  or 
fibrous  columns 
of  the  cord  is  seen  in  the  table  under  medulla  oblongata  below. 

The  spinal  cord  acts  (1)  as  a  transmitter  of  motor  and  sensory — 
or  centrifugal  and  centripetal — impressions  between  the  encephalou 
and  the  periphery,  and  (2)  as  a  reflex  centre. 

1.  Transmission  of  Motor  and  Sensorij  Impressions. — Each  spinal  Motor 
nerve,  as  already  mentioned,  is  connected  with  the  spinal  cord  by  and 
two  roots,  an  anterior  and  a  posterior.    Section  of  a  number  of  sensory 
anterior  roots  causes  paralysis  of  motion  of  muscles  on  the  same  irapres- 
side  of  the  body,  whilst  irritation  of  the  distal  or  peripheral  end  of  sions. 
the  divided  roots  causes  twitchings  or  tetanus  of  the  muscles. 
Neither  section  nor  irritation  has  any  effect  on  sensation.  Hence 
the  anterior  roots  contain  motor  fibres,  carrying  impressions  from 
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tlie  cord  outwards.  Again,  section  of  a  number  of  posterior  roots 
is  followed  by  loss  of  sensation  of  a  part  of  the  body  on  the  same 
side,  and,  if  the  proximal  ends  of  the  divided  roots — those  next  the 
cord — be  irritated,  painful  sensations  are  excited.  The  posterior 
roots,  therefore,  contain  sensory  fibres,  carrying  impressions  into  the 
cord  from  the  periphery.  As  we  have  seen,  these  roots  are  connected 
with  the  grey  and  white  matter  of  the  cord,  and  it  is  practically 
impossible  to  trace  all  their  ramifications.  Recourse  must  there- 
fore be  had  to  the  evidence  supplied  by  experiment  (cutting,  or  by 
the  Wallerian  method,  p.  26)  and  by  pathological  observation.  In 
tracing  the  path  of  fibres,  what  may  be  called  the  "  developmental 
method  "  has  been  pursued.  It  has  been  shown  by  Fleclisig  that, 
"  if  the  development  of  the  cord  be  carefully  observed,  the  medul- 
lary substance  of  the  nerve -fibres  is  formed  later  along  certain 
tracts  of  the  white  columns  than  in  the  rest  of  the  white  matter,  so 
that  in  transverse  sections  of  the  cord  these  tracts  are  easily  dis- 
tinguishable by  their  more  transparent  grey  appearance  "  (Quain, 
vol.  ii.  p.  277).  If  the  anterior  columns  be  cut  by  an  incision  ex- 
tending into  the  grey  matter,  leaving  the  posterior  columns  intact, 
voluntary  movements  disappear  in  the  parts  below  the  section. 
Again,  section  of  the  posterior  columns  and  grey  matter,  leaving 
the  anterior  uninjured,  enfeebles  but  does  not  destroy  the  power 
of  voluntary  movement  below  the  section.  Finally,  section  of  an 
antero-lateral  column  on  one  side  paralyses  voluntary  motion  on 
the  same  side.  From  these  facts  it  is  inferred  (a)  that  the  motor 
tracts  passing  from  the  brain  to  the  periphery  are  in  the  antero- 
lateral columns,  and  (&)  that  the  fibres  forming  these  tracts  are 
chiefly  distributed  to  the  same  side  of  the  body.  These  inferences 
are  supported  by  pathological  observation.  In  diseases  where  the 
anterior  horns  of  grey  matter  are  affected  paralysis  ensues,  with 
complete  flaccidity  of  the  limbs  ;  and  if,  from  haemorrhage,  soften- 
ing, or  the  pressure  of  tumours,  the  anterior  portion  of  the  cord  be 
irritated  there  are  spasmodic  twitchings  of  muscles.  Complete 
transverse  section  of  the  posterior  columns  does  not  abolish  sensi- 
bility in  the  parts  below  ;  but  there  is  a  loss  of  the  power  of 
making  co-ordinated  movements.  Section  of  the  posterior  columns 
and  of  the  antero-lateral  columns,  leaving  only  the  grey  matter  in 
the  centre  of  the  cord  intact,  does  not  abolish  sensibility.  Again, 
section  of  the  antero-lateral  columns  and  of  the  whole  of  the  grey 
matter,  leaving  only  the  posterior  columns  uninjured,  is  followed 
by  complete  loss  of  sensibility  in  the  parts  beneath.  The  inference 
therefore  is  that  sensory  impressions  pass  through  the  grey  matter. 
As  already  seen,  many  of  the  sensory  fibres  connected  with  the 
posterior  roots  decussate  in  the  grey  matter.  This  explains  some 
of  the  results  obtained  by  Brown-Sequard,  that  hcmi-section  of 
the  cord,  involving  the  grey  matter,  enfeebled  sensibility  on  the 
opposite  side  more  and  more  as  the  section  cut  deeply  into  the  grey 
matter  ;  that  a  vertical  section  in  the  bottom  of  the  posterior 
median  fissure  caused  loss  of  sensibility  on  both  sides ;  and  that  a 
lateral  section,  whilst  it  caused  loss  of  sensibility  (antesthesia)  on 
the  opposite  side,  was  followed  by  increase  of  sensibility  (hyper- 
festhesia)  on  the  same  side, — a  curious  fact,  explained  by  Brown- 
Sequard  as  being  due  to  irritation  caused  by  paralysis  of  the  vessels 
of  the  cord  on  the  side  of  the  section.  It  would  appear  also  that 
tactile  impressions  travel,  for  a  certain  distance  at  all  events,  in 
the  posterior  columns.  This  has  been  inferred  cliiefly  from  the  fact 
that  in  certain  cases  of  paralysis  involving  the  posterior  columns, 
where  the  sensation  of  touch  was  absent,  the  patient  could  still  feel 
a  painful  sensation,  as  when  a  needle  was  thrust  into  the  skin  ; 
whilst  in  other  cases,  in  Avhich  these  columns  were  not  affected,  the 
converse  held  good.  In  the  disease  known  as  locomotor  ataxia  (see 
Ataxy  and  Pathology,  vol.  xviii.  p.  392)  the  patient  first  passes 
through  a  period  in  which  there  are  disorders  of  general  sensibility, 
especially  lancinating  pains  in  the  limbs  and  back.  By  and  by 
there  is  unsteadiness  of  gait  when  the  eyes  are  closed  or  in  the  dark, 
and  to  a  large  extent  the  jiatient  loses  the  power  of  co-ordinating 
movement.  Especially  he  is  unable  to  juilge  of  the  position  of  the 
limbs  without  seeing  them  ;  in  other  words,  the  so-called  muscular 
sense  is  enfeebled.  At  last  there  is  a  stage  before  death  in  which 
there  is  almost  complete  paralysis.  A  study  of  this  disease  has 
thrown  much  light  on  the  physiology  of  the  cord.  It  is  known 
to  be  caused  by  a  slow  disorganization  or  sclerosis  of  the  posterior 
root-zones,  the  posterior  columns, — slowly  passing  on  to  affect  the 
columns  of  Goll,  the  lateral  columns,  and  the  anterior  grey  horns, 
and  ultimately  involving  the  cord.  The  disordered  sensations  at 
an  early  stage,  the  staggering  gait  at  a  later,  show  that  the  posterior 
part  of  the  cord  has  to  do  with  the  transmission  of  sensory  impres- 
sions. The  man  staggers,  not  because  he  is  paralysed  as  regards 
the  power  of  movement,  but  because,  in  consequence  of  the  sensory 
tracts  being  involved,  he  does  not  receive  those  peripheral  impres- 
sions which  excite  or  indirectly  regulate  all  well-ordered  movements 
of  locomotion. 

2.  As  a  Reflex  Centre. — The  grey  matter  of  the  lower  cervical, 
dorsal,  and  lumbar  regions  of  the  cord  may  be  regarded  as  composed 
of  reflex  centres  associated  with  the  general  movements  of  the  body, 
whilst  in  the  upper  cervical  region  there  are  more  differentiated 
centres  corresponding  to  special  actions.     The  initial  excitation 


niaj'  commence  in  any  sensory  nerve  ;  the  effect  passes  to  the  cord, 
and  sets  up  changes  in  the  nerve-cells  of  the  grey  matter,  involving 
time,  and  resulting  in  the  transmission  outwards  along  motor  fibres 
of  imiralses  which  excite  particular  groups  of  muscles.  There  is 
an  exact  co-ordination,  with  a  given  strength  of  stimulus,  between 
certain  areas  of  skin  and  certain  groups  of  muscles,  and  thus 
movements  may  be  so  purpose-like  as  to  simulate  those  of  a  con- 
scious or  voluntary  character.  Thus  irritation  near  the  anus  of  a 
decapitated  frog  will  invariably  cause  movements  of  the  limbs 
towards  the  irritated  point.  The  activity  of  reflex  centres  may 
be  inhibited,  as  already  shown,  by  higher  centres,  or  possibly 
by  certain  kinds  of  sensory  impressions  reaching  them  directly 
from  the  periphery.  Hence  removal  of  these  higher  centres  is 
followed  by  ajijiarently  increased  reflex  excitability.  Strychnia 
and  the  alkaloids  of  opium  increase  it,  whilst  aconite,  hydrocyanic 
acid,  ether,  chloral,  and  chloroform  have  an  opposite  eff'ect.  In 
certain  pathological  conditions  also,  as  in  tetanus,  oi'  in  some 
slow  jjrogressive  diseases  of  the  cord,  reflex  excitability  may  be 
much  increased.  In  tetanus  the  slightest  touch,  a  movement  of 
the  bedclothes,  the  closing  of  a  door,  the  vibration  caused  by  a 
footstep,  may  throw  the  patient  into  severe  and  prolonged  con- 
vulsions. The  earlier  formed  ganglionic  cells  are  those  specially 
concerned  in  reflex  acts. 

Special  reflex  centres  have  been  clearly  made  out  in  the  cord.  (1)  A  cilio-  Special 
spinal  centre,  between  tlie  sixtli  cervical  and  third  dorsal  nerves,  associated  reflex 
with  the  movements  of  the  iris.  The  fibres  controlling  the  radiating  fibres  of  „„,,4.,,p„ 
the  iris,  and  found  in  the  sympathetic,  originate  here  (see  Eye).  Hence 
irritation  of  this  region  causes  dilatation  of  the  pupil,  an  effect  not  produced 
if  the  sympathetic  fibres  have  been  divided.  (2)  Accelerating  centres,  supply- 
ing fibres  to  the  sympathetic  which  ultimately  reach  the  heart,  and  irritation 
of  these  centres  quickens  the  movements  of  that  oi  gan.  (3)  Jtespiralory  centres. 
The  movements  of  respiration,  of  a  reflex  character,  in  .'olve  the  action  of  many 
thoracic  and  abdominal  muscles.  Section  of  the  cord  above  the  eighth  dorsal 
paralyses  the  abdominal  muscles  ;  above  the  first  dorsal,  the  intereostals ; 
above  the  fifth  cervical,  the  serratus  niagnus  and  the  pectorals  ;  and  above 
the  fourth  cervical,  by  paralysing  the  phrenics,  it  arrests  tlie  action  of  the 
diaphragm.  (4)  Genito-spinal  centre.  This  is  in  the  lumbar  region.  Irritation 
causes  erection,  ifcc.  ;  destruction  or  disease  is  followed  by  loss  of  virile 
power.  (5)  Ano-spinal  and  vesiculo-spinal  centres.  These,  connected  with  the 
movements  of  the  sphincter  ani  and  of  the  bladder,  exist  in  the  lower  portion 
of  the  dorsal  and  upper  portion  of  the  lumbar  regions.  Disease  or  injury 
involving  these  centres  causes  involuntary  evacuation  of  the  bowel  and  com- 
plete paralysis  of  the  bladder,  with  non-retention  of  urine.  The  bladder  may 
be  full  whilst  the  urine  constantly  escapes  in  small  quantity. 

3.  As  a  Trophic  Centre. — The  ganglion-cells  in  the  anterior  Cord  as 
cornua  undoubtedly  have  a  trophic  or  nutritive  influence  upon  trophic 
muscles.  This  has  been  determined  chiefly  on  pathological  evidence,  centre. 
If  these  cells  undergo  atrophy  or  degenerative  changes,  the  muscles, 
even  though  they  may  be  kept  periodically  in  a  state  of  activity  by 
galvanism,  become  soft  and  fatty  changes  take  place.     There  is 
thus  a  correlation  between  the  nutritive  condition  of  muscle  and 
nerve-centre,  and  influences  affecting  the  one  affect  the  other  also. 

It  has  been  supposed  that  the  cells  in  Clarke's  vesicular  column 
may  form  the  centres  in  visceral  innervation.  They  are  bipolar, 
like  those  in  the  sympathetic,  and  not  multipolar  as  in  the  rest  of 
the  cord,  and  the  columns  are  absent  in  the  lumbar  and  cervical 
enlargements.  The  cells  are  found  where  nerves  come  off  that 
influence  the  viscera,  and  similar  cells  are  found  at  the  roots  of  the 
vagus  in  the  medulla, — a  nerve  also  much  concerned  in  the  innerva- 
tion of  viscera. 

Inhibition  of  Beflcx  Actions. — The  reflex  actions  of  the  spinal  luhibi- 
cord  may  be  inhibited  or  restrained  to  a  greater  or  less  extent  by  tion  of 
the  action  of  centres  in  the  encephalon,  so  that  pure  reflex  actions  reflex 
only  occur  after  removal  of  the  cerebrum,  or  during  profound  sleeji,  actions, 
when  the  cerebrum  is  inactive.  Thus  a  strong  efibrt  of  the  will  may 
restrain  from  scratching  an  irritated  part  of  the  skin,  whilst  the 
same  amount  of  irritation  would  certainly  cau.se  reflex  movements 
if  the  will  were  in  abeyance.  Such  power  of  voluntary  control, 
however,  is  limited  with  respect  to  most  reflex  actions,  wliilst  some 
reflex  acts  cannot  be  so  influenced.  Any  movement  that  may  be 
orginated  by  the  will  may  be  inhibited  or  restrained  to  a  certain 
extent  when  the  movement  is  of  a  reflex  character  ;  but,  if  the 
inovement  be  invariably  involuntary,  it  can  never  be  inhibited. 
Thus  the  ejaculation  of  semen  cannot  be  voluntarily  induced,  whilst 
the  reflex  act  once  provoked  cannot  be  arrested  (Hermann).  That 
these  inhibitions  of  reflex  actions  of  the  cord  depend  on  mechanisms 
ill  the  brain  is  proved  by  the  fact  that  removal  of  the  bi  ain  is  fol- 
lowed by  an  increase  in  the  reflex  excitability  of  the  cord,  and  that 
even  section  of  the  cord  permits  of  increased  reflex  excitability 
below  the  plane  of  section  (Setschenoff).  Further,  after  .section  of 
the  spinal  cord  in  the  cervical  region,  irritation  of  the  lower  end 
arrests  reflex  movements  dependent  on  reflex  centres  in  the  lower 
cervical,  dorsal,  and  lumbar  regions  (M'Kendrick). 

Medulla  Oblongata. — This  is  the  prolongation  into  the  ci'anium  Medulla 
of  the  spinal  cord  so  as  to  unite  it  with  the  brain.    Strictly  speak-  oblon- 
ing,  the  medulla  spinalis  and  the  medulla  oblongata  form  one  organ,  gata. 
The  columns  of  white  matter  of  the  cord  undergo  changes  in  form, 
structure,  and  relative  position  when  they  pass  into  the  medulla 
(see  vol.  i.  p.  870).    Without  again  detailing  the  minute  anatomy, 
it  is  necessary  to  show,  as  in  the  following  table,  the  connexions 
of  the  cord  and  of  the  medulla  with  the  rest  of  the  brain. 
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P  H  Y  S  I 


0  L  0  G  Y 


[nervous 


Columns  of 
the  Spinal 
Cord. 


(  A. 
Pyramidal 
tract, 


B. 

Cerebellar 
tract, 


All  the 
antero- 
lateral 
columns 
except 
A  and  B. 


Posterior 
column. 


Divided  into 


a.  Lateral,  or  crossed, 
fibres  from  the  pos 
terior  part  of  the 
lateral  column  as 
low  as  the  third 
or  fourth  sacral 
nerves. 

ft.  Anterior,  or  un 
crossed, fibres  from 
the  dorsal  region 
of  the  cord -col- 
umns of  Tiirek,  or 
columns  of  Lock- 
hart  Clarke. 


.  Cerebellar  tract, 
between  lateral 
pyramidal  tract 
and  the  outer  sur- 
face of  the  cord  as 
low  as  the  second 
or  third  lumbar. 


(1.  Principal  tract  of 
anterior  column, 
that  is,  the  antero- 
lateral column  less 
the  fibres  in  6.  Not 
continued  up  — 
probably  commis- 
sural from  one  side 
of  cord  to  the 
other. 

c.  From  anterior  col- 
umn. 


a.  Posterior  white 
column,  or  Goll's 
tract,  from  middle 
of  dorsal  region. 

&.  Posterior  lateral 
column,  between 
posterior  median 
column  and  pos- 
tero-lateral  groove. 


Funiculus  of  Ro- 
lando, between  the 
posterior  lateral 
column  b  and  pes- 
tero-lateral  groove 
higher  up. 


Continued  in  Medulla 
Oblongata  as 


Decussate  in  anterior  pyra- 
mids. 


Pass  under^ 
pyramid  on 
same  side, 
and  form 
longitudinal 


1.  Posterior 
longitudi 
nal  bundle 


fibres  of  tlie  f   in  pons, 
reticularis  al-  I  2.  Tract  of 
ba  in  dorsal      the  fillet, 
part  of  me-  | 
sial  area.  J 


Restiform  body. 


Pass  below  olivary  body  to 
form  part  of  restiform 
body.  Sometimes  called 
the  "band  of  Solly  "—not 
always  present. 


Posterior  median  column, 
becoming  the  funiculus 
gracilis,  which,  with  the 
expansion  called  the  clava, 
becomes  the  posterior  py- 
ramids. 


Pun^^^ulus  cuneatus,  form- 
ing, with  cerebellar  tract 
from  antero-lateral  column, 
the  restiform  body. 


Pass  on  to 


Cerebrum. 


Cerebrum. 


Corpora 
quadri- 
gemina. 


Cerebellum. 


Cerebellum. 


Cerebrum. 


Cerebellum. 


It  is  important  to  note  tlie  fact  tliat  eacli  column  of  the  cord, 
through  the  medulla,  is  thus  connected  both  with  the  cerebrum  and 
with  the  cerebellum.  Development  has  shown  that  the  fibres  of 
the  bundles  which  are  first  formed  develop  a  medullar}'  sheath  at  a 
time  when  the  fibres  of  the  later-formed  bundles  are  non-medullated. 
"  When  the  cord  of  a  human  embryo  is  examined  at  the  end  of  the 
fifth  month  it  will  be  found  that  the  pyramidal  fibres  of  the  lateral 
columns,  the  fibres  of  the  columns  of  Tiirek,  and  of  the  columns  of 
GoU  are  non-medullated  ;  wdiile  the  fibres  of  the  anterior  and  pos- 
terior root-zones  and  the  cerebellar  fibres  of  the  lateral  columns  are 
meduUated  "  (Ross).  It  would  appear,  therefore,  that  the  latter 
are  the  more  primitive  structures,  and  that  the  former  are  super- 
added in  the  cords  of  the  higher  animals.  The  grey  matter  of  the 
medulla  is  broken  up  by  changes  in  the  distribution  of  the  white 
matter  into  nuclei  or  masses  of  nerve-cells,  instead  of  having  the 
crescentic  form  seen  in  the  spinal  cord.  These  nuclei  are  connected 
with  the  roots  of  important  cranial  nerves,  and  may  be  regarded 
as  corresponding  with  the  anterior  horns  of  grey  matter,  with  the 
posterior  horns,  and  with  the  grey  matter  between  these. 

The  following  nuclei  can  be  found  : — (1)  the  hypoglossal  nucleus, 
for  the  hypoglossal  nerve,  the  motor  nerve  of  the  tongue  ;  (2)  a 
coninion  nucleus,  for  a  portion  of  the  spinal  accessory,  vagus,  and 
glosso-pharyngeal  nerves;  (3)  t\\%]mndiMlox  lower  auditory  imclevis, 
for  the  auditory  nerve  ;  (4)  nuclei  for  the  sixth  or  abditccnt  nerve, 
supplying  the  external  rectus  muscle  of  the  eye  ;  (5)  nucleus  for 
the  fourth  nerve,  supplying  the  superior  oblique  muscle  of  the 
eye  ;  (6)  the  facial  nerve,  the  motor  nerve  of  the  face  ;  (7)  the  cor- 
2nis  deiitatmn  of  the  olivary  body,  not  directly  connected  with  the 
roots  of  nerves,  but  containing  nerve-cells.  Some  fibres,  both  of 
the  sensory  and  motor  roots  of  the  ffth  nerve,  originate  also  as  far 
back  as  the  medulla.  The  third,  fourth,  sixth,  and  hypoglossal 
nerves  belong  to  the  system  of  anterior  motor  nerves,  related  to 
the  anterior  cornua,  whilst  the  spinal  accessory,  vagus,  glosso- 
pliaryngeal,  and  fifth  belong  to  the  "mixed  lateral  system," — that 
is,  they  are  related  to  the  posterior  cornua  and  intermediate  gi'ey 
matter. 

Like  the  spinal  cord,  the  medulla  may  be  regarded  as  containing 


tracts  for  sensory  and  motor  transmission,  and  as  constituting  a 
series  of  reflex  centres  for  special  movements. 

1.  As  a  Conductor  of  Motor  and  Sensory  Tmprcssions. — Inasmuch  Motor 
also,  as  such  movements  as  those  of  the  circulation,  resjiiration,  and 
and  vaso-motor  action  are  necessary  to  life,  destruction  of  the  sensory 
medulla  causes  almost  instant  death.    Motor  fibres  coming  from  transmis- 
the  brain  above  decussate  in  the  anterior  pyramids  and  then  run  sion  of 
down  the  lateral  columns  of  the  cord,  issuing  to  the  muscles  by  medulla, 
the  anterior  roots  of  the  spinal  nerves.    Hence,  wliilst  section  of 

an  antero-lateral  column  of  the  cord  will  cause  paralj'sis  of  motion 
on  the  same  side,  section  of  an  anterior  pyramid  above  the  decus- 
sation causes  paralysis  of  motion  on  the  opjiositc  side.  But  fibres 
carrying  sensory  impressions  also  decussate  in  the  gi-ey  matter  at 
the  bottom  of  the  posterior  median  fissure  of  the  cord.  It  follows, 
therefore,  that  disease,  such  as  rupture  of  a  vessel  causing  a  clot  in 
the  brain,  say  in  the  left  corpus  striatum  and  left  optic  thalamus, 
causes  paralysis  both  of  motion  and  of  sensation  on  the  opposite 
side, — that  is,  in  the  case  supposed,  there  would  be  right  hemiplegia. 
The  path  of  sensory  impressions  is  probably  in  the  grey  matter 
but  the  precise  course  of  sensory  fibres  has  not  been  traced. 

2.  As  a  Keflex  Centre. — Numerous  special  centres  have  been  re-  Medulla 
ferred  to  the  medulla  oblongata.  as  reflex 

(1)  ifespirafori/ centres,  two  in  number,  expiratory  and  inspii-atory,  connected  centre, 
with  the  roots  of  the  pneumogastric  nerves.  Destruction  at  once  causes  cessa- 
tion of  respiratory  movements.  (2)  I'aio-motor  centre,  regulating  the  calibre  of 
the  smaller  blood-vessels  throughout  the  body  (see  p.  30).  (3)  Cardiac  centres, 
probably  two  in  number — one  accelerating,  assoi'iated  with  the  sjnnpathetic  ; 
the  other  inhibitory,  connected  with  the  pneumogastric  (see  p.  29).  (4) 
Centres  for  deglutition,  associated  with  the  sensory  and  motor  nerves  involved 
in  this  process  (see  Nutrition,  vol.  xvii.  p.  670).  (.5)  Centre  for  roice,  regu- 
lating to  some  extent,  through  the  sterno-cleido-mastoid  muscle,  the  emission 
of  air  through  the  glottis  in  expiration  and  plionatioii.  (li)  Centre  inttuencing 
glycogenesis,  probably  by  the  action  of  the  vaso-motor  centre  on  the  Vilood- 
■\-essels  of  the  liver  (see  Nutrition,  vol.  xvii.  p.  0S2).  (7)  Centre  directly  in- 
fluencing saUrary  secretion,  from  which  originate  those  fibres  of  the  f;icial, 
forming  the  chorda  tympani  and  lesser  superficial  petro.sal,  distributed  to  tlie 
salivary  glands  (see  Nutrition,  vol.  xvii.  p.  672).  (8)  Centre  for  the  iiiutvr 
fibres  supplying  the  face  ami  muscles  of  mastication,  'lliese  exist  in  the  facial 
for  the  muscles  of  the  face  and  in  the  motor  portion  of  the  fifth  for  the  muscles 
of  mastication.  Further,  the  medulla  receives  nervous  influences  from  the 
higher  centres,  by  which  all  the  centres  above  enumerated  may  be  more  or 
less  influenced. 

Pons  Varolii. — The  pons  Varolii  is  above  and  in  front  of  the  Pons 
medulla  oblongata,  and  between  the  hemispheres  of  the  cerebellum.  Varolii. 
It  consists  of  fibres  passing  in  two  directions,  viz.,  longitudinally, 
connecting  the  brain  above  with  the  medulla  and  cord  below  ;  and 
transversely,  connecting  the  lateral  hemisplieres  of  the  cerebellum, 
thus   forming    the  middle 
jieduncles  of  that  organ.  Its 
general  position  and  appear- 
ance are  seen  in  fig.  23. 
Mixed  up  with  these  fibres 
are  various  nuclei  of  grey 
matter  connected  with  the 
roots  of  cranial  nerves.  The 
most    important    of  these 
nuclei  are  —  (1)  the  nucleus 
of  the  facial  nerve  ;  (2)  the 
motor  nucleus  of  the  fifth 
nerve  ;  (3)  the  upper  sensory 
nucleus  of  the  fifth  nerve  ; 
(4)  the  inner  or  chief  nucleus 
of  the  auditory  nerve ;  (5) 
the  outer  or  sujierior  nucleus 
of  the  auditory  nerve  ;  (6) 
the  accessory  nucleus  of  the 
auditory  nerve  ;  (7)  the  nu- 
cleus of  the  sixth  nerve.  It 
will  be  observed  that  several 
of  these  nerves  are  also  con- 
nected Avith  nuclei  in   the^'w.  23.— Section  of  medulla  oblongata  and 
medulla    oblongata       Like    pons  to  show  the  course  of  fibres,  a,  super- 
'  ficial,  and  a',  deep  transverse  fibres  of  pons ; 

6, 6,  anterior  pjTamids  ascending  at  li' 
through  pons  ;  c,  c,  olivary  bodies  ;  c',  oli- 
vary fasciculus  in  pons ;  <:',  d,  anterior 
columns  of  cord  ;  e,  inner  part  of  right 
column  .joining  anterior  pjTamid  ;  /,  outer 
part  going  to  olivary  fasciculus  ;  g,  lateral 
column  of  cord  ;  k,  the  part  which  decus- 
sates at  the  decussation  of  the  ]iyramiils  ; 
I,  the  part  which  .joins  the  restiform  body ; 
m,  that  which  forms  the  fasciculus  teres ; 
n,  arciform  fibres.  1  and  2,  sensory  and 
motor  roots  of  the  fifth  nerve ;  3,  sixth 
nerve ;  4,  portio  dura ;  5,  portio  inter- 
media ;  6,  portio  mollis  of  the  seventh 
nerve;  7,  glosso-pharyngeal;  8,  pneumo- 
gastric ;  !),  spinal  accessory ;  10,  hypo- 
glossal nerve. 


the  cord  and  medulla,  the 
pons  is  to  be  regarded  as 
a  conductor  of  impressions 
and  probably  also  as  a  reflex 
centre.  Jlotor  transmission 
occurs  eliiefly  in  the  an- 
terior part.  As  the  fibres  of 
the  facial  nerve  decussate  in 
the  pons,  and  then  carry  in- 
fluences outwards,  unilateral 
injury  or  disease  of  the  pons 
may  cause  paralysis  of  the 
face  on  the  same  side  as  the 
disease,  and  paralysis  of  the 
limbs  on  the  opposite  side  if  the  disease  has  affected  the  facial 
before  its  decussation  in  the  pons.  Usually  in  cases  of  paralysis 
of  one  side  (hemiplegia)  from  a  clot  or  disorganization  in  one  corpus 
striatum  the  paralysis  of  the  face  is  on  the  same  side  as  that  of  the 
limbs.    In  diseases  of  the  pons  loss  of  sensibility  is  a  much  more 
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rare  result  than  loss  of  motion,  and  is  always  on  the  opposite  side. 
According  to  Brown-Sequard,  tactile,  thermal,  and  painful  impres- 
sions pass  through  the  central  part  of  the  pons.  The  numerous 
centres  in  the  pons  are  associated  in  complex  reflex  movements. 
Nothnagel  has  described  it  as  a  convulsive  centre,  because  irritation 
caused  severe  cramps,  but  this  was  no  doubt  due  to  irritation  of  the 
motor  strands  passing  through  it. 

Cerebral  Peduncles. — These  contain  both  sensory  and  motor  fibres, 
and  they  establish  a  connexion  between  the  cerebellum  and  the 
cerebrum,  and  also  between  the  ganglia  at  the  base, — corpora  striata, 
optic  thalami,  and  corpora  quadrigemina  on  the  one  hand,  and  the 
pons  and  medulla  on  the  other.  Little  is  known  of  their  functions 
excppt  that  they  are  conductors.  Destruction  of  one  peduncle  causes 
the  animal  to  move  to  the  side  opposite  the  lesion,  describing  a 
ci'cle  somewhat  in  the  manner  of  a  horse  in  a  circus.  Irritation 
rcay  cause  pain  or  movements  of  various  groups  of  muscles. 
[Basal  Ganglia. — As  ah-eady  shown  in  tracing  the  development 
a  "  the  cerebro- spinal  system,  the  brain  consists  of  a  series  of  ean- 
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Aia,  in  pairs,  more  or  less  overlapped  by  the  cerebral  hemispheres. 
Thsse  ganglia,  termed  the  "basal  ganglia,"  are  usually  held  to 
include,  from  behind  forwards,  the  corpora  quadrigemina,  the  optic 
thalami,  and  the  corpora  striata  ;  but  in  addition  there  are  bodies 
meriting  an  equal  amount  of  attention,  inasmuch  as  they  cannot 
be  regarded  as  belonging  to  the  cerebral  hemispheres.  These  are 
the  locus  niger,  the  red  nucleus  of  the  tegmentum,  and  the  corpora 
genioulata ;  but  we  have  no  knowledge  of  their  functions.  No 
doubt  all  these  ganglia  act  along  with  the  cerebral  hemispheres, 
so  that  practically  the  whole  mass  forms  one  organ. 

Corpora  Quadrigemina.— These  are  two  pairs  of  rounded  bodies 
found  above  the  Sylvian  aqueduct,  which  passes  between  the  third 
and  fourth  ventricles.    They  are  situated  behind  the  optic  thalami, 
and  are  intimately  related  to  the  crura,  and  through  these  to  the 
pons,  medulla,  and  cord.    Homologous  with  the  optic  lobes  seen 
m  the  brain  of  the  fish,  frog,  and  bird  (see  figs.  17  and  18),  and  in 
marsupials  and  monotremes,  their  relative  size  to  the  mass  of  the 
encephalon  is  much  less  in  the  brain  of  man  and  of  the  higher 
animals.    These  bodies  contain  grey  matter,  covered  by  a  thin 
stratum  of  white  matter.    The  two  posterior  bodies  are  probably 
connected  with  the  cerebellum  by  the  superior  peduncles  of  that 
organ ;  at  all  events  these  peduncles  disappear  under  the  base  of 
the  corpora  quadrigemina.    The  two  posterior  bodies  are  also  related 
to  the  crura  cerebri  by  the  prominences  on  the  sides  of  the  crura 
known  as  the  inner  geniculate  bodies.    Both  anterior  and  posterioi 
bodies,  more  especially  the  anterior,  are  connected  with  the  optic 
tracts,  and  finally,  the  two  anterior  bodies  unite  with  the  optic 
thalami.  (See  fig.  24  below  ;  also,  plate  XVIII.,  vol.  i.,  fig.  l,g,g) 
As  shown  by  their  anatomical  connexions,  the  corpora  quadri- 
gemina are  part  of  the  mechanism  of  vision.    Destruction  causes 
immediate  blindness.    If,  in  a  pigeon,  the  encephalon  be  removed 
with  the  exception  of  these  bodies,  the  iris  will  still  continue  to 
contract  on  the  influence  of  light.    On  then  destroying  one  of 
these  bodies,  the  iris  is  immobile,  and  the  power  of  accommodation 
is  lost    As  the  third  cranial  nerve  (which  is  known  to  contain  fibres 
conti-ollmg  the  circular  fibres  of  the  iris  by  which  the  pupil  con- 
tracts, and  the  fibres  governing  the  ciliary  muscle  by  which  the  eye 
IS  accommodated  or  focused  to  varying  distances)  originates  in 
the  grey  matter  of  the  floor  of  the  Sylvian  aqueduct,  close  to  the 
corpora  quadrigemina,  it  is  held  that  these  bodies  are  the  centres 
ot  the  reflex  movements  of  the  iris  and  of  the  ciliary  muscle  The 
corpora  quadrigemina  are  also  the  first  recipients  of  visual  impres- 
sions    When  light  falls  on  the  retina  changes  are  there  induced 
winch  stimulate  the  optic  nerve-fibres,  and  these  fibres  carry  impres- 
sions through  the  optic  tracts  to  the  corpora  quadrigemina.  What 
then  occurs  is  matter  of  conjecture.    Whether  sensation  is  there 
excited,  or  whether  to  produce  sensation  it  is  necessary  that  the 
impulses  be  sent  onwards  to  the  cerebrum,  or  whether  the  impres- 
sions directly  received  from  the  retina  may  excite,  through  the 
corpora  quadrigemina  and  adjacent  ganglia,  reflex  movements  (like 
those  of  the  somnambulist,  who  may  see  so  that  his  steps  are  taken 
rightly  but  who  may  at  the  same  time  not  see  consciously),  are  all 
speculative  questions.    We  know  that  these  bodies  are  concerned 
in  the  movements  of  the  iris  and  of  the  ciliary  muscle,  but  their 
great  proportionate  size  in  lowly-formed  brains  indicates  that  this 
ppr!!?)  •    I"  secondary  function,  and  that  they  are  largely  con- 

n  r  '^^^  ,  P^^!^"°?^™a  of  consciousness  of  light  and  colour. 
thP  ,  two  ganglionic  masses  placed  behind 

the  corpora  striata  and  in  front  of  the  corpora  quadrigemina.  The 
m  ernal  surfaces  are  seen  chiefly  in  the  third  ventride,  the  upper 
?.n  S7?  'n^?  ""'"l^l"'^'  ^"'i  the  lateral  ventricles  (see  vol  i. 

lf'.llh  f/  I       ^-  t'^^  "'i<^er  surface 

ot  each  thalamus  is  united  with  other  parts  of  the  brain  The 
under  surface  receives  fibres  from  the  cms  cerebri,  whilst  the 
upper  surface  is  covered  by  fibres  which  diverge  and  pass  between 

SrHn^         """-^  ^  °^  ^''^  *e  extrlventricular 

fwlT  1  stratum  (called  lenticular  nucleus),  to  form 

a  white  layer  called  the  "internal  capsule."    From  the  internal 
capsule,  which  thus  contains  fibres  fro^  the  optic  thalamus  fibres  I 


radiate  outwards  to  the  surface  of  the  cerebral  hemispheres.  The 
under  surface  of  the  thalamus  is  connected  with  the  tegmentum,— 
that  is_,  with  the  layer  of  fibres  forming  the  upper  surface  of  the  crus 
cerebri.  They  also  receive  fibres  from  the  corpora  quadrigemina, 
and  according  to  some  authorities  from  tlie  superior  peduncles  of 
the  cerebellum.  The  substance  of  the  thalamus  contains  nerve- 
cells,  scattered  and  also  aggregated  into  two  nuclear  masses,  but 
the  relations  of  these  to  nerve -tracts  have  not  been  ascertained. 
It  is  important  physiologically  to  notice  that  the  thalami  receive 
fibres  from  the  back  of  the  crura,  and  therefore  are  probably  related 
to  the  posterior  or  sensory  portion  of  the  spinal  cord. 

There  is  still  much  uncertainty  as  to  the  functions  of  the  optic 
thalami.    The  most  commonly  received  opinion  is  that  they  are 
centres  for  the  reception  of  peripheral  impulses,  which  they  may 
elaborate  and  transmit  forwards  to  the  corpora  striata,  or  directly 
to  the  cerebral  hemispheres.    If  the  sensory  impulses  received  by 
the  optic  thalami  are  sent  to  the  corpora  striata,  and  by  these  trans- 
mitted downwards  and  outwards  through  the  crura  cerebri,  then 
reflex  actions  may  occur  in  which  the  basal  ganglia  are  the  centres  ; 
but,  if  the  impulses  are  sent  up,  in  the  first  place,  to  the  cerebral 
hemispheres,  and  by  these  transmitted  down  to  the  corpora  striata, 
then  the  action  must  include  the  higher  mechanism  of  the  gi-ey 
matter  of  the  hemispheres.    In  the  first  case  it  is  supposed  by  those 
who  hold  that  consciousness  is  specially  connected  with  the  grey 
matter  of  the  hemispheres  that  the  action  would  be  purely  reflex 
and  unconscious.     Experiment  has  not  thrown  much  licrht  on 
this  problem,  owing  to  the  deep-seated  situation  of  these^bodies 
rendering  the  results  of  operative  interference  untrustworthy.  The 
little  that  has  been  done  shows  that  injury  to  them  does  not  cause 
paralysis  of  motion.    Nor  can  it  be  said  that  such  injuries  cause 
loss  of  sensation,  the  only  phenomenon  observed  being  that  the 
animal  places  its  limbs  in  anomalous  positions,  and  does  not  seem 
to  be  aware  of  having  done  so.    Meynert  is  of  opinion  that  the  optic 
thalami  fulfil  the  same  functions  as  to  tactile  impressions— that  is, 
impressions  on  the  peripheiy  of  the  body— that  the  corpora  quadri- 
gemina do  for  visual  impressions— that  is,  impressions  on  the  retina. 
In  cases  of  apoplexy  in  which  these  bodies  are  involved  there  are 
always  sensory  disturbances  on  the  side  opposite  the  lesion.  This 
would  lead  to  the  inference  that  the  optic  thalami  are  the  sensory 
ganglia  of  the  opposite  sides  of  the  body.    They  are  not,  however, 
the  first  ganglionic  apparatus  through  which  sensory  impressions 
pass,  but  they  probably  co-ordinate  in  some  way  centripetal  impulses 
before  these  are  sent  to  the  cerebral  hemispheres,  where  they  are 
correlated  with  feeling.   Further,  as  the  old  name  "optic  thalami " 
indicates,  these  ganglia  are  concerned  in  some  way  in  vision,  because 
li  seriously  injured,  blindness,  or  at  all  events  disturbance  of  vision ' 
IS  one  of  the  constant  results.    This  favours  the  view  that  they  are 
the    middlemen  "  between  special  sensory  centres  and  the  hio-her 
centres  of  the  cerebrum. 

Corjmra  Striata.— These  ganglia,  sometimes  termed  the  "ganglia  Corpora 
of  the  cerebral  hemispheres,"  situated  in  front  and  on  the  outer  striata 
side  ol  the  optic  thalami,  are  seen  in  the  lateral  ventricles.  (See 
vol.  1  pp.  875,  876,  figs.  74  and  75.)    The  greater  part  of  each  is 
imbedded  m  the  white  substance  of  the  hemisi)here  (extra-ventri- 
cular portion),  whilst  the  part  seen  in  the  floor  of  the  lateral  ventricle 
IS  called  the  mtra-ventricular  portion.    Each  of  these  contains  a 
nucleus  of  grey  matter,  the  nnckus  caudatus  in  the  intra-ventri- 
cular  and  the  nucleus  lenticularis  in  the  extra-ventricular  The 
latter  is  separated  internally  from  the  intra-ventricular  i)ortion  by 
a  layer  of  white  matter  called  the  "  internal  capsule, "  whilst  on  the 
outer  side  there  is  another  layer  of  white  matter  called  the  "  external 
capsule    beyond  which,  again,  is  a  lamina  or  web  of  grey  matter 
called  the  "claustrum,"  which  separates  the  external  capsule  fronl 
the  island  of  Reil.    The  internal  capsule  is  of  great  importance 
inasmuch  as  it  is  continuous  with  the  crusta,  a  portion  of  the 
crus  cerebri,  which,  in  turn,  is  a  continuation  of  the  iiyramidal 
fibres  of  the  medulla  oblongata  and  the  pons.    MuUipolar  nerve- 
cells  are  found  m  the  nucleus  caudatus  ;  in  the  claustrum  the  cells 
are  small  and  spindle-shaped.    Posteriorly,  therefore,  the  corpus 
striatum  is  related  by  fibres  with  the  optic  thalamus  ;  interiorly 
through  the  internal  capsule,  with  the  pyramidal  portion  of  the 
medulla  and  cord  ;  and  externally  and  superiorly  with  the-  orey 
matter  of  the  cerebrum.    The  corpus  striatum  is  a  centre  for'^the 
co-ordination  of  centrifugal  or  motor  impulses.    It  may  be  roused 
into  activity  by  impressions  reaching  it  directly  from  the  optic 
thalamus,  but  probably  it  usually  acts  in  obedience  to  impulses 
coming  from  the  cerebral  hemispheres.    When  a  clot  of  blood  is 
formed  m,  say,  the  right  corpus  striatum  there  is  motor  paralysis 
of  the  opposite  side  of  the  body,  and,  according  to  the  size  of  the 
clot,  the  paralysis  may  aflect  more  or  less  completely  the  different 
groups  of  muscles.   Desti-uction  of  the  two  bodies  destroys  voluntary 
movement,  but  the  animal  may  move  forwards  as  in  running  De- 
sti-uction  of  the  nucleus  caudatus  renders  movements  of  progression 
impossible,  and  the  animal  performs  movements  of  rotation  Noth- 
nagel by  injecting  a  minute  drop  of  a  solution  of  chromic  acid 
destroyed  the  nucleus  lenticularis  of  a  rabbit,  with  the  result  of 
throwing  the  animal  into  complete  unconsciousness.    He  also  states 
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that  in  the  corpus  striatum  of  the  same  animal  there  is  a  point, 
the  nodus  cursorius,  the  excitation  of  which  caused  the  rabbit  to 
rush  forwards.  Tliis  observation  agrees  witli  the  statement  of 
Magendie  that,  when  he  injured  the  corpora  striata,  the  animal 
seemed  to  have  an  irresistible  propulsion  forwards.  Ferrier  states 
that  when  the  corpora  striata  were  stimulated  by  an  interrupted 
current  convulsive  movements  of  the  opposite  side  of  the  bod}'  took 


Fig.  24.— Three  pairs  of  ceivbi.-ll;ir  peduncles  (from  Sappey.  after  Hirschfekl 
and  Leveille.  Quain).  On  tlie  left  the  three  cerebellar  peduncles  have  been 
cut  short ;  on  the  right  side  the  hemisphere  has  been  cut  obliquely  to  show 
its  connexion  with  the  superior  and  inferior  peduncles.  1,  median"  groove  of 
fourth  ventricle  ;  2,  the  same  groove  at  the  place  where  the  auditory  strise 
emerge  from  it  to  cross  the  fliior  of  the  ventricle  ;  3,  inferior  peduncle  or 
restiforra  body  ;  4,  funiculus  gracilis  ;  5,  5,  superior  peduncles,— on  the  right 
the  dissection  shows  the  superior  and  inferior  peduncles  crossing  each  other 
as  they  pass  into  the  white  substance  of  cerebellum  ;  6,  6,  fillets  at  the  side 
of  crura  cerebri ;  7,  lateral  grooves  of  erm'a  cerebri ;  8,  corpora  quadrigemina. 

place    and  when  the  current  was  powerful  the  side  of  the  body 

opposite  to  the  side  of  the  brain  stimulated  ^i5:r— „,  

was  forcibly  drawn  into  an  arch.  __-.=.=;y5i  - 

Cerchelltiin. — In  connexion  with  the  phy- 
siology of  this  organ  it  is  important  to  note 
its  connexions  with  the  rest  of  the  cerebro- 
spinal axis.    It  has  three  peduncles  :  (1)  the  I 
superior  peduncles  (see  fig.  24) — crura  ad  cere- 
brum, or  processes  ad  testes  —  together  with  Wi 
the  valve  of  Vieussens,  connect  the  cerebellum  | 
to  the  cerebrum  ;  (2)  the  inferior  peduncles, 
or  crura  ad  medullam,  are  the  superior  ex- 
tremities of  the  restiform  bodies;  (3)  the^ 
middle  peduncles,  or  crura  ad  pontem,  much 
the  largest,  are  the  lateral  extremities  of  the  y'v 
transverse  fibres  of  the  pons  Varolii.  Theyi 
act  as  commissural  fibres  for  the  hemispheres  ( 
of  the  cerebellum.    All  these  peduncles  pass* 
into  the  interior  of  the  cerebellum  at  its  fore- 
part.  In  the  interior  of  the  organ,  where  the  j 
peduncles  enter,  we  find  a  nucleus  of  grey| 
matter,  the  corpus  dentatum.     The  cortical,' 
.substance  consists  of  two  layers, — an  outer! 
molecular  layer,  consisting  of  a  delicate  ma- 
trix containing  a  few  round  cells  and  fibres, ; 
and  an  inner  or  granule  layer,  containing- 
granules   or   nucleated   corpuscles    closely  ^ly^? 
packed  together.    The  corpuscles  are  from,»A»l4 
45V-i5-th  to  ^Visth  of  an  inch  in  diameter,  ^^tn^<Ct'^/^^t^ 
and  are  mixed  with  a  network  of  delicate  j 
nerve-fibres.    At  the  junction  of  the  granu-lP^^J^S?»J.^p*** 
lar  layer  with  the  molecular  layer  there  are  I^i^y||.«Vi| 
peculiar  large  cells  called  "  Purkinje's  cells. "  ••^^^^IC?«r"->  • 
They  are  flask -shaped  and  about  ^jjth  to  •»  •J^fJiJ.^;;^*^ 
T^irtrth  of  an  inch  in  diameter,  and  the  long 
process  is  directed  towards  the  surface  of  the  '^^^^J^Z^^SiiSSi^r^ 
cerebellum  (see  fig.  25).    The  white  centre  of  /=eE^S^F?£^^  « 
each  lamina  consists  of  delicate  nerve-fibres,  §^^^^S^^Ei!ir^E 
the  terminations  of  which  have  not  \>ee,n  ^^^i=-'<*Z^^I^=EE^ 
satisfactorily  made  out.    Probably  they  end  Ii»^==S!iErS?^^ 
in  the  plexus  of  nerve-fibres  in  the  granule  Fro.  25.— Vertical  section 
layer,  or  in  the  processes  of  Purkinje's  cells,    through  cortex  of  cere- 
On  comparing  the  section  of  cerebrum  (fig. 
28)  with  that  of  cerebellum  (fig.  25)  the  con- 
trast is  striking.    The  structure  of  cerebellum 
is  more  like  that  of  the  retina  (vol.  i.  p.  888, 
fig.  78)  than  of  any  other  nerve-centre, 
on    Results  of  Experiments. — The  cerebellum  is  insensible  to  mechan- 
ical excitations.    Puncture  causes  no  indications  of  pain,  but  there 
may  be  twisting  of  the  head  to  the  side.   Ferrier  states  that  Faradaic 


bellum  (Sankey).  o,  pia 
mater  ;  6,  external  layer; 
c,  layer  of  cells  of  Pur- 
kinje  ;  d,  inner  or  gran- 
ule layer ;  e,  medullary 
centre. 


Fig.  20.- 


-Pigeou  from  which  the  cerebellum  has 
been  removed. 


irritation  causes  movements  of  the  eyeballs  and  other  movements 
indicative  of  vertigo.    Section  of  the  middle  peduncle  on  one  side 
causes  the  animal  to  roll  rapidly  round  its  longitudinal  axis,  the 
rotation  being  towards  the  side  operated  on.  V 
If  the  cerebellum  be  remo\  ed  gi-adually  by  successive  slices— an  operation  I 
easily  done  in  a  pigeon— there  is  a  progressi\  e  efleut  on  locomotive  actions.   On  I 
taking  away  only  the  upper  layer  there  is  some  weakness  and  a  hesitation  in  1 
gait.     Wlien  the  sections  have  reached  the  middle  of  the  organ  the  animal 
staggers  much,  and  assists  itself  by  its  wings  in  walking.    The  sections  beiii" 
continued  further,  it  is  no  longer  able  to  preserve  its  equilibrium  without  tlie 
assistance  of  its  wings  and  tail ;  its  attempts  to  fly  or  walk  resemble  the  fruit- 
less efforts  of  a  nestling, 
and  the  slightest  touch 
knocks  it  over.  At  last, 
when  the  whole  cerebel- 
lum is  removed,  it  can- 
not support  itself  even 
with  the  aid  of  its  wings 
and  tail ;  it  makes  vio- 
lent efforts  to  rise,  but 
only  rolls  up  and  down  ; 
then,    fatigued  with 
struggling,  it  remains 
for  a  few  seconds  at 
rest  on  its  back  or  ab- 
domen, and  then  again 
commences    its  vain 
struggles  to   rise  and 
walk.  Yet  all  the  while 
siglit  and  hearing  are 
perfect.    See  fig.  26.    It  attempts  to  escape,  and  appears  to  have  all  its  sensa- 
tions perfecr.    The  results  contrast  very  strongly  with  those  of  removing  the 
cerebral  lobes.    "Take  two  pigeons,"  says  Longet ;  "from  one  remove  com- 
pletely the  cerebral  lobes,  and  from  the  other  only  half  the  cerebellum  ;  the 
next  day  the  first  will  be  firm  on  its  feet,  the  second  will  exhibit  the  unsteady 
and  uncertain  gait  of  drunkenness." 

There  is  thus  a  loss  of  the  power  of  co-ordination,  or  of  regula- 
tion of  movement,  without  the  loss  of  sensibility,  and  hence  it  has 
been  assumed  that  in  some  way  or  other  the  cerebellum  acts  as 
the  co-ordinator  of  movements. 

Co-ordination  of  Movement. — The  nervous  mechanisms  by  which  Co-or- 
movements  are  co-ordinated — that  is,  adapted  to  specific  ends — are  dinatioiri 
not  thoroughly  understood,  but  a  short  description  of  what  is  of  movei 
know'ii  may  be  here  given.  Muscular  movements  may  be  either  ment. 
simple  or  comjjlex.  In  winking,  the  movement  of  the  eyelid  is 
eff'ected  by  two  muscles,  one  bringing  the  lid  down,  the  other  rais- 
ing it.  But  picking  up  a  pen  from  the  table,  taking  a  dip  of  ink, 
and  w-riting  a  few  words  involve  a  complicated  set  of  movements 
of  the  muscles  of  the  trunk,  shoulder,  arm,  forearm,  fingers,  and 
thumb.  To  perform  the  movements  with  precision  each  muscle  or 
group  of  muscles  must  act  at  the  right  time  and  to  the  proper 
amount.  It  is  also  clear  that  all  this  is  accompli.shed  automatic- 
ally. We  are  not  conscious  of  the  requisite  combinations  ;  but  it 
must  be  noted  that  many  of  these  complicated  movements  are  first 
acquired  by  conscious  efforts,  and  that  they  become  automatic  only 
by  repetition.  Again,  in  w-alking,  equilibrium  is  maintained  by  a 
delicate  series  of  muscular  adjustments.  When  we  swing  forward 
one  leg  and  balance  the  body  on  the  other  manj-  muscular  move- 
ments occur,  and  with  every  change  in  the  position  of  the  centre 
of  gravity  in  the  body  there  are  corresponding  adjustments.  It 
would  appear  that  in  all  mechanisms  of  co-ordination  the  first  part 
of  the  process  is  the  transmission  of  sensory  impiessions  from  the 
periphery.  These  sensory  impressions  may  be  derived  from  the 
skin  or  muscles,  and  may  be  caused  by  variations  of  pressure  arising 
in  them.  Thus,  if  we  lift  a  heavy  weight,  as  a  large  stone,  bj'  the 
right  hand  and  raise  it  to  the  bend  of  the  elbow  we  throw  the  body 
to  the  other  side  by  the  action  of  the  muscles  of  that  side,  thus 
maintaining  the  equilibrium.  We  judge  of  the  amount  of  force 
necessary  to  overcome  an  obstruction  by  the  feeling  of  resistance  we 
encounter.  All  the  movements  of  the  body,  therefore,  give  rise  to 
feelings  of  varying  pressures,  and  these  feelings  regulate  the  amount 
or  degree  of  muscular  action  necessary  to  maintain  equilibrium,  or 
to  perform  a  requisite  movement.  This  is  at  first  a  conscious  ex- 
perience, and  a  child  has  to  pass  through  an  education,  often  involv- 
ing pain,  before  the  nervous  mechanisms  become  automatic  and  the 
movement  is  done  without  effort.  But  the  ordinary  sensory  nerves, 
coming  from  skin  and  muscle,  are  not  the  only  channels  by  which 
such  guiding  mechanisms  are  set  in  action.  As  one  would  expect, 
sensory  impressions,  such  as  those  associated  with  sight  and  hearing, 
may  be  brought  into  play. 

1.  Peripheral  Impressions  from  Semicircular  Canals. — If  the  Irapre*- 
membranous  portion  of  the  horizontal  semicircular  canal  in  the  sions 
internal  ear  of  a  pigeon  be  cut,  the  bird  moves  its  head  from  side  to  from 
side,  and  if  one  of  the  vertical  canals  be  divided  it  moves  the  head  semi- 
up  and  down.    The  effects  may  pass  oft'  in  a  few  days  if  only  one  circular 
canal  has  been  cut.    If  the  canals  on  both  sides  be  divided  the  canals, 
movements  are  exaggerated  and  the  condition  becomes  permanent. 
It  will  then  be  observed  that  the  animal  has  lost  the  power  of  co- 
ordinating its  movements.     It  can  rest  with  only  a  twitching, 
perhaps,  of  the  head,  but  if  it  attempt  to  fly  or  walk  its  movements 
are  indefinite  and  irregular,  like  those  of  a  dizzy  person,  or  like 
those  described  as  following  injury  to  the  cerebellum.  The  irregular 
movements  do  not  arise  from  deafness,  or  noises  in  the  ears,  or  partial 
paralysis,  or  from  an  uncontrollable  impulse.    Any  strong  sensory 
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impression,  such  as  Iiolding  the  bird,  supporting  its  beak,  or  hold- 
ing a  bri  haut  light  before  its  eyes,  will  steady  it,  and  it  l.as  been 
noticed  that    it  can,  even  without  assistance,  clean  its  featliers  and 
scratch  its  head,  its  beak  and  foot  being  in  these  operations  guided 
by  contact  with  its  own  body."    It  has  been  supposed  that  the 
semicircular  canals  are  concerned  in  the  mechanism  of  e,|uibration 
—a  view  urged  chiefly  by  Mach  and  Crum- Brown.    If  a  blindfolded 
man  is  seated  on  a  horizontal  rotating  table,  such  as  that  used  in  a 
Jigtithouse  for  rotating  or  eclipsing  the  light,  and  the  table  is  turned 
round  at  hrst  there  is  a  sensation  of  movement  in  the  same  direction 
as  tHat  ot  the  table  ;  then  this  sensation  fades  away,  until  he  has 
no  sensation  of  movement,  although  tlie  table  may  be  raiiidly 
rotating ;  finally,  it  the  table  be  stopped  without  a  jerk  the-e  is 
hrst  a  very  short  period  in  whicli  there  is  no  definite  sensation, 
winch  IS  succeeded  by  a  sense  of  rapid  movement  in  the  opi)osite 
direction,  often  accompanied  by  a  feeling  of  nausea.    Now  it  is 
evident  that  neither  sight  nor  touch  nor  muscular  sensations 
can  give  a  sense  of  rotation  in  these  circumstances,  and  yet  it  is 
possible  to  form  a  fairly  accurate  judgment  of  the  angle  through 
which  the  body  has  moved.  It  has  been  suggested  that  this  is  effected 
by  the  action  of  the  semicircular  canals.    The  membranous  por- 
tions are  surrounded  by  a  fluid  called  the  ' '  endolympli, "  and  are  free 
to  move  through  a  short  distance.    Hence  it  has  been  supposed 
that  rotations  more  or  less  rapid  must  cause  variations  of  tension  of 
the  membranous  portion.    Thus,  if  the  membranous  part,  especially 
the  ampulla  or  dilated  ends  of  the  canals,  lag  behind  when  rotation 
^.ht\ 7?'*'°"  ^i''''^  nerves  ending  in  them  will  be 

subjected  to  a  strain  ;  by  and  by  both  membranous  portions  and 
surrounding  parts  will  be  moving  with  the  same  velocity,  when 
there  will  be  no  strain  and  no  sense  of  movement ;  and  at  last  when 
the  rotptory  movement  is  arrested,  there  will  be  a  tendency  on  the 
part  of  the  membranous  portions,  as  they  are  floating  in  a  fluid  to 
moveonahttle  farther  than  the  rest,  and  thus  agSin  produc'e  a 
strain,  causing  a  sensation  of  movement  in  the  opi.osite  direction 
Uy  similar  reasoning  it  can  be  shown  that  if  we  take  the  peculiar 
position  of  the  three  canals  into  consideration  any  movement  in 
space  might  be  thus  appreciated,  and  these  app/eciations  enter 
into  the  judgment  we  form  of  the  movements.  According  to  this 
theory  the  sense  of  equilibrium  may  be  largely  due  to  impressions 

renuirl  l  °  ^"^^-^^^^^^  movements 

requiied  for  placing  the  body  m  definite  positions  are  determined 
as  we  have  seeu,  by  peripheral  impressions,  the  irregular  movements 
of  the  pigeon,  after  injury  to  these  canals,  may  be  accounts  for 
It  IS  not  improbable  that  m  the  bird,  which  from  the  structure  of 
its  extremities-feet  and  wmgs-can  have  no  peripheral  impressions 
so  delicate  as  those  derived  from  the  papilh^  of  the  ski.  on  the 
ch  Pflv",  other  animals,  the  sense  of  equilibrium  is  maintained 
chiefly  by  impressions  from  these  canals,  and  this  may  account  for 

Tli T  '''^  'f'"'  ''f*^  °^  ^^''""^  °'-g^ns  in  birds  and  fishes. 

Ihis  IS  m  correspondence  also  with  the  requirements  of  birds  in  the 
ba  ancmgs  of  flight  and  of  fishes  in  swimming.  It  is  well  known 
that  disease  or  injury  of  these  canals  in  the  human  being  jn-oduces 
symptoms  of  vertigo  and  a  diminution  of  the  power  of  co-ordinated 
action  as  in  Meniere  s  disease,  showing  that  the  canals,  even  in 
man,  have  similar  functions  to  those  in  the  bird. 

2  Perijiheml  Impressions  from  the  Eye.—MnnY  movements  are 
eye  f  bW  ifJu  7"*''^ >       ^""^  Sim^pl/bSoIding 

walk  o  tS  ^'''^T'l  ^"^^  '\  '"'^^        ^"«"^Pt  to 

walk  01  to  fly  ;  the  same  eff-ects  to  a  less  degree  may  be  seen  in  a 

mammal ;  and  a  blindfolded  man  will  stagger  in  Ws  'ait  The 

wonderfully  accurate  movements  of  the  blind  in  wa  kint  are  a  ! 

quired  by  long  and  laborious  efi-ort,  and  are  guided  by  he  sensa- 

lons  of  hearing,  of  touch,  and  of  resistance.  If  the  oi^ic  lobes  of 

a  frog  be  destroyed,  its  power  of  balancing  itself  is  lost     There  are 

to  thf  ceTt  e    :TV'"""t  P^°'P^--1  impressions  p" 

to  the  centres  and  seem  to  guide  or  co-ordinate  movement  - 
from  the  periphery,  by  nerves  of  ordinary  sensibility  ar  "  n  tl  e 
skin  muscles  and  viscera  ;  (2)  from  the  semicircular  ca  afs  of  t  le 
ear  by  special  nerve-fibres  in  the  auditory  nerve  ;  (3)  fro  i  the  eve 
by  fibres  of  .the  optic  nerve.    How  and  where  these  skeTis  of  scifst 
tive  impressions  are  gathered  up  and  so  arranged  as  to  call  forth 

IS  tfie  oigan  most  likely  to  be  concerned  in  such  a  mechanism  It 
IS  in  organic  connexion  with  many  of  the  nerve-fitercon^Vin  ^ 
sensory  impressions     By  the  restiform  bodies  it  rec  ves  ma  fy  of 

ZIm'm     \t  'P'^f         '        "^'^'^-■y  nerve  has  ro^o 
intimately  related  to  the  cerebellum  ;  and  it  is  fair  to  assume  that 
there  are  communications  between  the  corpora  quadriaeiZa  a  d 
the  cerebellum.    Stimulation  of  the  cerebelVim  cYu^  s  liiov^iem 
by  b  mhiess    'h"^  t'""''  f       cerebellum  is  sometimes  attended 
by  blindness.    How  the  cerebellum  co-ordinates  movement  is  nuite 

Dy  tlie  clinical  fact  that  extensive  disease  of  this  or<Tan  mav  exi^t 
without  any  appreciable  sensoiy  or  motor  disturbaifce     tL re 
no  evidence  to  support  the  view  of  the  founders  of  phrenoWy  that 
the  cerebe  lum  has  to  do  with  the  sexual  functions.'' 

Cerebral  Heraispheres.~As  these  have  been  fully  described  in  vol 
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1.  p.  8^3,  It  is  only  necessary  here  to  point  out  the  anatomical  farts 
that  assist  m  explaining  the  functions  of  the  organ.  It  is  import- 
ant to  observe,  first,  the  general  arrangements  of  the  fibres,  and 
secoiKlly,  the  arrangement  and  structure  of  the  grey  matter.  The 
\\-mte  matter  of  the  cerebrum  consists  of  ascending  or  peduncular 
fibres,  longitudinal  or  collateral  fibres,  and  of  transverse  or  com- 
missural  fibres. 

""^'^      ''''  ^"•^^■•^^  peduncles  Pedmi- 

longitudinal   fibres  de- 
rived mainly  from  the 
anterior  pyramid  of  the 
medulla.     The  crust  is 
quadrilateral    in  form, 
but  in  ascending  to  the 
hemispheres  it  becomes 
flattened    from  above 
downwards,  so  that  the 
fibres  spread  out  like  a 
fan.    The  fan  formed  by 
these  fibres  is  bent  into 
the  form  of  an  incom- 
plete hollow  cone,  the 
convex  surface  of  which 
is  directed  upwards  and 
inwards.  Thus  the  fibres  '}  t 
pass  between  the  optio 
thalamus  and  the  lenti- 
cular nucleus,  forming 
the    internal  capsule? 
Higher    up  the  fibres 
pursue  their  course  be- 
neath and  to  the  outside 
of   the    thalamus   and    ^  |, 
the  caudate  nucleus,  and  - 
over  the  lenticular  nu-  \, 
cleus.    "Still  higher  up 
the  internal  cajisule  has 
sja-ead  out  from  before 
backwards,    while  the 
anterior  half  forms  an 
obtuse  angle  with  the 
posterior.      The  angle 
where  the  halves  meet 
is  called  the  knee  (fig. 
27,  K),  while  the  divi- 
themselves 


Qpres 
3ns 


sions     tnemsejves    are  -  ^ 

called  the  anterior  ffiff  27.-(After  Fleclisig.)  Horizontal  section  of 
97  TT>-M  o,„l  ,.„,,j-„..;?:.  ''J^'"  of  child  nine  months  old,  only  a  portion 
01  the  right  side  being  shown.  l\  frontal  TS 
teniporo-sphenoidal,  and  0,  occipital  lobes  •  ov 
operculum  ;  lu,  island  of  Reil ;  Ch,  claustr'um  '■ 
]  ,  third  frontal  convolution  ;  Th,  optic  thal- 
amus ;  JVC",  caudate  nucleus ;  NC,  tail  of  caudatr 
nucleus  ;  LN,  lenticular  nucleus  ;  //,///  second 
and  third  divisions  of  lenticular  nucleus  •  EK 
external  capsule  ;  IK,  posterior  division '  Iic' 
anterior  division,  and  A',  knee  of  internal  cap- 
sule ;  ah,  ph,  anterior  and  posterior  horns  re- 
spectively of  lateral  ventricles  ;  gcc,  knee  of 
corpus  callosum  ;  sp,  spleniuni  ;  vie,  middle  com- 
missure ;  /,  fornix  ;  si,  septum  lucidum. 


27,  IK')  and  posterior 
segments  of  the  internal 
capsule  "  (Ross).  On 
emerging  from  the  basal 
ganglia  the  fibres  of  the 
internal  capsule  radiate 
in  all  directions  to  reach 
the  cortex  of  the  brain, 
giving  rise  to  the  appear- 
ance called  the  "corona 
radiata. " 


The  following 

sets  of  fibres  have  been  traced  into  connexion  with  the  cerebrum 


coiulin?o™Gon  ^The'e?'''''''  f™'"        P"»t^rior  root-zones  and  the 

Ty  Me;ne,t  F  echsi.^  an,f  o^hlrf '"''^'^  ^"-^b^l"""  !  but,  as  shown 

f5S'°  ---^^ 

•■cX°raffins?  'Sio't  '"'teundw^^^  ''T  ""^'li  '^^"^"^  «''^ 

iiiiiiiiPPpiiiii 

cord  meduUa  and  Do^>f    Tt  1,!^'=*'       already  been  traced  tlirou^di  the  spinal 
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Com- 
missural 
fibres  of 
cere- 
brum. 


be  distributed  to  the  central  convolutions  of  the  cerebrum,  (i)  Fibres  issuing 
from  the  corpus  callosum  and  descending  into  the  internal  capsule,  {k)  Fibres 
of  the  external  capsule  which  ascend  from  the  crusta  and  ultimately  reach  the 
cortex  througli  the  corona  radiata. 

In  addition  to  the  peduncular  fibres  above  enumerated,  all  of 
which  belong  to  what  may  be  termed  the  system  of  the  internal 
capsule  and  corona  radiata,  fibres  from  the  fornix,  taenia  semi- 
circularis,  outer  layer  of  septum  luoidum,  and  the  fillet  of  the  crus 
also  pass  from  below  upwards  to  the  cortex  of  the  hemispheres 
(Ross). 

Longi-        {2.)  Longitudinal  or  Collateral  Fibres. — [a)  Fibres  running  im- 
tudinal    mediately  below  the  surface  of  the  corteX';  and  connecting  the  grey 
fibres  of  matter  of  adjacent  convolutions.    (6)  Fibres  in  the  gyrus  fornicatus, 
cere-       a  convolution  immediately  above  the  corpus  callosum.    It  is  said 
brum.     that  bands  of  these  fibres  arise  in  the  anterior  perforated  space  and 
pass  completely  rouinl  the  corpus  callosum  to  end  in  the  same  per- 
forated space,  and  that  offsets  of  these  fibres  pass  upwards  and 
backwards  to  reach  the  summits  of  the  secondary  convolutions 
derived  from  the  gyrus  fornicatus  near  the  longitudinal  fissure, 
(c)  Longitudinal  fibres  of  the  corpus  callosum  (nerves  of  Lancisi), 
connecting  the  anterior  and  posterior  ends  of  the  callosal  convolu- 
tion,   {d)  Longitudinal  septal  fibres,  lying  on  the  inner  surface  of 
the  septum  lucidum,  and  entering  into  the  gyrus  fornicatus.  (c) 
The  fasciculus  uncinatus,  passing  across  the  bottom  of  the  Sylvian 
fissure  and  connecting  the  convolutions  of  the  frontal  and  temporo- 
sphenoidal  lobes.   (/)  The  longitudinal  inferior  fasciculus,  connect- 
ing the  convolutions  of  the  occipital  TOth  those  of  the  temporal  lobe. 

(3.)  Transverse  or  Commissural  Fibres. —  '~ 
(a)  Many,  if  not  all,  of  the  fibres  of  the  ' 
corpus  callosum  pass  transversely  from  ^  ( 
one  side  to  the  other  and  connect  corre- 
sponding convolutions  in  the  hemispheres. 
This  is  the  generally  accepted  view ;  but 
Professor  Hamilton  of  Aberdeen  has  recently  ^  , 
stated  that  his  preparations  show  that  there  2/, 
is  no  such  commissural  system  between  con- 
volutions, and  that  the  fibres  decussating  in 
the  corpus  callosum  are  not  continued  to 
convolutions  on  the  other  side,  but  pass 
doTOwards.  (b)  The  fibres  of  the  anterior 
commissure  wind  backwards  through  the 
lenticular  nuclei  to  reach  the  convolutions 
round  the  Sylvian  fissure,  (c)  The  fibres  of 
the  posterior  commissure  run  through  the 
optic  tlialami.i 
Arrange-  Arrangement  and  Structure  of  Grey  Mat- 
ment  ter. — The  grey  matter  in  the  medulla  and 
and  basal  ganglia  has  been  already  considered, 
structure  A  web  or  sheet  of  it  is  also  throTOi  over  the 
of  grey  surface  of  the  cerebrum,  and  forms  the  outer 
matter,  portion  of  all  the  convolutions.  The  cor- 
tical substance  consists  of  cells  and  fibres 
imbedded  in  a  matrix  similar  to  the  neuroglia 
of  the  spinal  cord.  It  may  be  divided  into 
five  layers,  which  merge  into  each  other  by 
almost  insensible  gradations.  The  most  ex- 
ternal layer  consists  of  delicate  nerve-fibres, 
neuroglia,  and  a  few  small  round  cells  desti- 
tute of  processes  (see  fig.  28).  Going  deeper 
we  find  cells  of  a  characteristic  pyramidal 
form,  the  largest  being  in  the  deepest  layer. 
Their  bases  are  turned  inwards,  and  their 
apices  towards  the  surface  of  the  convolu- 
tion. Cleland  states  that  fibres  passing  from 
the  apices  are  continuous  with  the  delicate 
fibres  found  on  the  very  surface  of  the  cor- 
tex. In  the  ascending  frontal  convolu- 
tions Betz  and  Mierzejewski  have  found 
pyramidal  cells  two  or  three  times  larger 
than  those  of  other  regions  of  the  cortex, 

and  these  have  been  termed  "giant-cells."  _  

All  the  pyramidal  cells,  no  doubt,  anasto-  fjq.  ss.— (After  Meynert.) 
mose  by  their  processes,  and  give  origin  to  Vertical  section  of  a  fur- 
the  nerve-fibres  of  the  white  substance,  but 
it  is  rarely  possible  to  trace  the  fibres  from 
cell  to  cell.  A  consideration  of  these  ana- 
tomical facts,  along  with  those  mentioned  in 
connexion  with  the  comparative  anatomy  of 
the  brain,  shows  that  the  cerebral  hemi- 
spheres are  in  intimate  connexion  by  fibres 
with  all  the  other  portions  of  the  cerebro- 
spinal system.  Further,  they  are  not  only 
intricate  in  structure  themselves,  but  the 
commissural  sets  of  fibres  indicate  that 


row  of  third  cerebral  con- 
volution of  man.  1,  layer 
of  scattered  small  corti- 
cal corpuscles  ;  2,  layer 
of  close-set  small  pyra- 
midal corpuscles  ;  3, 
layer  of  large  pyramidal 
cortical  corpuscles  ;  4, 
layer  of  small  close-set 
iiTegular-sliaped  corpus- 
cles ;  5,  layer  of  fnsiform 
corpuscles  (like  those  in 
the  clanstruiii) ;  in,  me- 
dullary lamina. 

In 


there  is  harmony  of  function  between  one  part  and  another. 

1  In  preparing  the  foregoing  sketch  of  the  fibres  of  the  cerebrum  the  writer 
is  much  indebted  to  Ross,  Diseases  of  the  Nervous  Si  stem. 


determining  the  function  of  so  complicated  an  apparatus  recourse 
must  be  had  to  the  evidence  (1)  of  development,  (2)  of  compara- 
tive anatomy,  (3)  of  human  anatomy,  (4)  of  the  observed  ett'ects 
of  disease  before  and  after  death,  and  (5)  of  experiment.  Facts 
have  already  been  collected  from  the  first  three  of  these  fields 
of  inc[uiry,  all  tending  to  show  that  the  grey  matter  of  the  hemi- 
sphere is  associated  with  the  manifestation  of  intelligence  in  its 
various  forms.  The  phenomena  of  disease  support  the  same  con- 
clusion. Diseases  producing  slow  changes  in  the  layer  of  grey 
matter  on  tlie  cortex  are  invariably  associated  with  mental  disturlj- 
ance,  such  as  melancholia,  mania,  or  dementia.  If  the  grey  mattei' 
be  suddenly  injured  or  submitted  to  compression,  as  by  a  blow 
causing  fracture  and  depression  of  a  portion  of  the  skull,  or  the 
effusion  of  fluid  consequent  on  inflammation,  unconsciousness  is  a 
certain  result.  So  long  as  the  pressure  continues  there  is  no  con- 
sciousness ;  if  it  be  removed,  consciousness  may  soon  return.  On 
the  other  hand,  if  the  disease  affect  the  white  matter  of  the  central 
portions  or  the  ganglia  at  the  base,  there  maj'  be  paralysis  or  con- 
vulsions without  consciousness  being  affected.  All  the  facts, 
therefore,  of  pathology  relating  to  the  brain  indicate  that  the  grey 
matter  on  the  surface  of  the  hemispheres  is  the  organ  of  conscious- 
ness and  of  all  mental  operations.  This  statement  is  now  an  axiom 
of  medical  science,  and  the  basis  of  the  rational  treatment  of  the 
insane  and  of  all  maladies  of  the  central  nervous  organs. 

Two  methods  of  experiment  upon  the  cerebrum  have  usually  been 
followed,  and  both  have  yielded  important  results. 

[a.)  Removal. — Flourens  and  the  older  observers  were  aware  of 
the  fact  that  as  successive  slices  of  grey  matter  are  removed  from 
the  surface  of  the  cere- 
brum an  animal  be- 
comes more  dull  and 
stirpid,  until  at  last  all 
indications  of  percep- 
tion and  volition  dis- 
appear. A  pigeon  in 
this  condition  (see  fig. 
29),  if  carefully  fed, 
may  live  for  many 
months  ;  to  quote  from 
Dalton  - 

"The  effect  of  this  muti-  Fi".  29. — Pigeon,  in  which  the  cerebrum  has  been 
lation  is  simply  to  plunge  injured  or  removed, 

the  animal  into  a  state  of 

profound  stupor,  in  which  it  is  almost  entirely  inattentive  to  surrounding 
objects.  The  bird  remains  sitting  motionless  upon  his  perch  or  .standing  upon 
the  ground,  with  the  eyes  closed  and  the  head  sunk  between  the  shoulders. 
The  plumage  is  smooth  and  glossy,  but  is  uniformly  exjianded  by  a  kind  of 
erection  of  the  feathers,  so  that  the  body  appears  somewhat  puffed  out,  and 
larger  than  natural.  Occasionally  the  bird  opens  its  eyes  with  a  vacant  stare, 
stretches  its  neck,  perhaps  shakes  its  bill  once  or  twice,  or  smooths  down  the 
feathers  upon  its  shoulders,  and  then  relapses  into  its  fonner  apathetic  con- 
dition." 

Similar  observations  have  also  been  made  on  reptiles  and  mammals, 
but  the  latter  survive  the  operation  for  a  comparatively  short  time. 
In  watching  such  an  animal  it  is  difficult  to  divest  one's  mind  of 
the  belief  that  it  still  feels  and  sees  and  hears.  It  may  be  observed 
that  it  rarely  makes  movements  unless  stimulated  from  without. 
Thus  it  may  remain  motionless  for  many  hours  ;  but  if  pushed,  or 
gently  touched,  it  moves.  As  remarked  by  Prof.  JL  Foster — 
"  No  image,  either  pleasant  or  terrible,  whether  of  food  or  of  an  enemy,  pro- 
duces any  effect  on  it,  other  than  that  of  an  object  reflecting  more  or  less  light. 
And,  though  the  plaintive  cliaracter  of  the  ciy  which  it  gives  fortli  when 
pinched  suggests  to  the  observer  the  existence  of  passion,  it  is  probable  that  is 
a  wrong  interpretation  of  a  vocal  action  ;  the  cry  appears  plaintive,  simply  be- 
cause, in  consequence  of  the  completeness  of  the  reflex  nervous  machinery 
and  the  absence  of  the  usual  restraints,  it  is  prolonged.  The  animal  is  able  to 
execute  all  its  ordinary  bodily  movements,  but  in  its  performance  nothing  is 
ever  seen  to  indicate  the  retention  of  an  educated  intelligence." 

(J.)  Electrical  Stimulation  of  Surface  of  Brain. — It  is  remarkable 
that,  although  many  of  the  early  workers  in  cerebral  physiology 
stimulated  the  surface  of  the  brain  b}'  electric  currents,  they 
observed  no  eflfect,  and  therefore  Magendie,  Matteucci,  Longet, 
Weber,  Budge,  Schiff,  and  others  taught  that  irritation  of  the 
surface  of  the  hemispheres  called  forth  no  muscular  -movements  ; 
and  it  was  generally  accepted  that  the  grey  matter  on  the  cortex 
of  the  brain  was  entirely  concerned  in  the  phenomena  of  sensation, 
volition,  and  intellectual  action.  During  the  Franco-German  war 
in  1870  Hitzig  had  occasion  to  apply  galvanism  to  a  portion  of 
the  exposed  brain  of  a  wounded  soHier,  and  he  observed  contrac- 
tions of  the  muscles  of  the  eyeball.  When  peace  was  restored, 
experiments  were  made  on  the  lower  animals  by  Hitzig  and 
Fritsoh,  in  which  a  portion  of  exposed  brain  was  irritated  by  a 
continuous  current,  and  it  was  observed  that  the  phenomena  took 
place  on  opening  and  closing  the  current.  By  these  experiments 
the  German  obser\-ers  discovered  that,  when  certain  areas  of  grey 
matter  were  stimulated,  contractions  of  certain  muscles  occurred, 
and  they  were  thus  able  to  map  out  areas  for  grohps  of  muscles. 
Immediately  afterwards  the  research  was  taken  up  by  Professor 
David  Ferrier  of  King's  College,  London,  who,  using  a  Faradaic 
instead  of  a  continuous  current,  greatly  extended  the  field  of 
inquiry,  and  obtained  many  important  results,  which  are  not  only 
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of  value  in  cerebral  laliysiology  but  have  been  successfully  applied 
to  the  diagnosis  of  various  diseases  of  the  nervous  system.  The 
motor  areas  as  determined  by  Ferrier  in  the  monkey  are  shown 
!  in  fig._  30.    Dr  Ferrier  has  also  indicated  the  corresponding  motor 
areas  in  man  by  carefully  comparing  the  convolutions  with  those 
of  the  monkey.i  An  inspection  of  the  figures 
shows  that  the  areas  which,  when  stimu- 
lated, give  rise  to  definite  movements  are 
distributed  only  over  a  part  of  the  cortex. 
As  stimulation  gives  rise  to  no  movements 
over  other  regions  of  the  brain,  these  have 
been  assumed  to  be  connected  with  psychi- 
cal states,  such  as  sensation,  volition,  &c. 
Much  controversy  has  arisen  as  to  the  real 
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Fig.  30. -a.  Lt  ft  hemisphere  of  monkey.    B.  Upper  surface  of  hemisDhere  of 
monkey    The  numbers  in  A  and  B  correspond."^  1,  advance  of  opSe  le<; 
as  in  walking ;  2,  complex  movements  of  thigh,  leg  and  foot  with  adan/ef 
movenients  of  trunk  ;  3,  movements  of  tail ;  4  retraction  and  adduS 
opposite  fore-hmb;  5  extension  forward  of  opposite  arm  and  hand  as  °f  to 
^^I'^c^'f^S"'''  ''"■"^hrng  ™         ;  «.  6,     d,  individual  and  comWned  move^ 
nients  of  hngers  and  wrists,  ending  in  clenching  of  fist  ■  6  sun  nat  nn  nn?i 
flexion  of  forearm,  by  which  the  hand  is  raised  toWds  the  mou^-  7  Action 
of  zygomatics  by  .Wiieh  the  angle  of  the  mouth  is  retracted  and  elected 
8,  elevation  of  ala  of  nose  and  upper  lip,  with  depression  of  lower  lip  so  as 
to  expose  the  canine  teeth  on  the  opposite  side  ;  9,  openin..  of  mouth  with 
protrusion  of  tongue  ;  10,  opening  of  mouth  with  retraction"  of  t™"fle  ^11 
retraction  of  angle  of  mouth  ;  12,  eyes  opening  widely,  pupils  dilaSn"  head 
and  eyes  turning  towards  opposite  side  ;  13,  13',  eyeballs  moving  ?o  oB'posTte 
side.-pupils  generally  contracting  ;  14,  sudden  retraction  of  oppSsite  ea?°  1^ 
subiculum  cornu  ammonis,-  torsion  of  lip  and  nostril  on  sainesi^le!  (Ferrier  ) 
mture  of  these  so-called  "  motor  areas."   It  has  been  clearly  ascer- 
tained that  the  effects  are  not  due  to  diffusion  of  the  electric  currents 
^^^uT^-  °*'f  ^  P=^''t«  °f  the  brain.    That  there  is  to  some  extent 
such  diffusion  between  the  electrodes  there  can  be  no  doubt  but 
tlie  exact  correspondence  between  the  area  stimulated  and  the 
movements  produced,  and  the  fact  that  shifting  the  electrodes  a 
very  short  distance  to  one  side  or  another  is  followed  by  different 
results,  show  that  the  effect  is  somehow  owing  to  changes  excited 
by  the  electric  current  in  that  particular  area  of  grey  matter 
Hitzig  Ferrier,  and  otliers  have  also  found  that  removal  of  the 
layer  of  grey  matter  of  a  "motor  centre"  is  followed  by  enfeeble- 
ment  of  the  niovements  _  assigned  to  the  area,  but  in  the  course  of 
a  lew  Clays  the  paralytic  symptoms  disappear.    The  latter  effect 
cannot  be  due  to  the  corresponding  centre  on  the  opposite  side 
Sf  '  as  subserpient  destruction  of  the  latter  pro- 

duced the  usual  paralysis  on  the  side  opposite  to  the  lesion,  but 

the  nrst  lesion    (Carville  and  Buret).    It  would  appear,  therefore 
that  after  destruction  of  a  centre  on  one  side  some  ot he   S  of 

par'^Goltroftt?''/"'^'"'^'^  the  functions  of  the  destroyed 
part.  Goltz  of  Strasburg  has  removed  large  portions  of  the  o^-ev 
cortex  (even  to  the  extent  of  almost  the  whole' of  one  hemisphei^ 
by  a  jet  of  water  so  as  to  avoid  haemorrhage,  and  still  recoverv  of 
mo  or  power  took  place  after  a  time,  afthough  there  Remained 
;  c lumsmess  in  the  execution  of  certain  movem  "nts. "  His  o^'o 
IS  that  the  paralytic  phenomena  are  caused  by  the  injury  exS" 
an  inhibitory  action  on  lower  centres.  This  view  Substantial  v 
that  advocated  for  many  years  by  Brown-Sequard  does  not  exS 
why  It  IS  that  gentle  irritation  of  the  centre  by  a  weak  FaraS 
current  calls  forth  movements  of  a  definite  character.  The  evidence 
therefore,  is  strongly  i„  favour  of  the  view  that  there  are  definite 
motor  areas  o  grey  matter  on  the  cortex, -that  is,  in  ordhnrv 
circumstances  these  areas  are  intimately  rekted  to  sp;ciL  m  S' 
or  groups  of  muscles.  It  is  quite  possible,  however  that  each 
group  of  muscles  does  not  depend  on  one  area  alone  but  on  seve^a 

hi  1st  It  IS  more  intimately  related  to  one  than  to  ti  e  others  TlS 
woukl  account  also  for  the  fact  that  movements  of  a  groroTmuscle 

b/LtSd  HLt"t*""tl°'°''"'"  "'^^^  tEosera^^,^::dout 
2nts  of  the  t  Wn  v"'  ^'■f  ^  associated  with  definite  move- 

ments ot  the  thorax,  abdomen,  and  pelvis  have  been  discovered  bv 
Horsley  and  Schafer  and  thus  almost  all  the  muscular  Chan  sms 
havebeenrocte^^ 

4ti  Z  ?g™86  and"s?,",^^,.'r2'^  62^"°  ^"y^'^^^^V, 


Ferrier  has  also  attempted  to  differentiate  sensory  centres.    On  Sensorv 
stimulating  the  angular  gyrus  lie  obtained  movements  of  the  eye  centres 
and  associated  movements  of  the  head,  and  he  regarded  the  pheno- 
mena as  being  "merely  reflex  movements  on  the  excitation  of  sub- 
jective visual  sensation."   He  then  found  that,  "  when  the  angular 
gyrus  of  the  left  hemisjihere  was  destroyed,  the  animal  was  blind 
on  the  right  eye  soon  after  the  operation,  but  recovered  sight  com- 
pletely on  the  following  day."    On  destroying  the  angular  gyri  of 
both  hemis2)heres,  an  animal  became  permanently  blind  in  both 
eyes.     In  neither  case  was  there  motor  paralysis.     By  similar 
processes  of  thought  and  experiment  he  placed  the  auditorv  centre 
m  the  superior  temporo-splienoidal  convolution,  the  centres  of 
taste  and  smell  at  the  extremity  of  the  temporo-sphenoidal  lobe 
and  that  of  touch  in  the  gyrus  uneinatus  and  hipriocampus  major 
On  the  other  hand,  Goltz  asserts  that  even  after  removal  of  a  con- 
sideral)le  part  of  the  cortex  the  animal  is  not  actually  blind,  but 
Slitters  irom  an  imperfection  of  sight ;  and  he  states  that  he  "  can 
no  _  more  obtain  distinct  evidence  of  localization  in  reference  to 
vision  _  or  other  sensations  than  in  reference  to  movements" 
Ferrier  s  view  is  supported  by  the  observations  of  Munk,  who  finds 
that  destruction  ot  a  considerable  portion  of  the  occipital  lobes 
causes  blindness.    Munk  has  put  forth  the  important  distinction 
that  there  may  be  blindness  in  the  sense  of  total  deprivation  of 
vision,  and    'psychical  blindness,"  or  the  "inability  to  form  an 
intelligent  comprehension  of  the  visual  impressions  received  "  •  and 
he  supposes  that  the  grey  matter  of  the  cortex  over  the  occipital 
lobes  has  to  do  with  the  elaboration  of  simple  visual  impressions 
into  perceptions.    In  like  manner  he  concludes  that  other  parts  of 
the  cortex  may  have  to  do  with  the  elaboration  of  tactile  olfactory 
gustatory,  and  auditory  sensations.    This  is  a  likely  I'lypothesis' 
and  not  very  dissimilar  to  what  has  been  held  for  many  years' 
the  only  novelty  being  that  there  is  localization  in  these  actions! 
At  present  the  question  cannot  be  regarded  as  settled  ;  but  it  may 
be  stated  generally  that  the  posterior  portion  of  the  brain  has  to 
do  chiefly  with  the  reception  of  sensory  impressions,  and  the 
nudd  e  and  lateral  regions  with  the  transmission  outwards  of  motor 
impulses.    But  there  still  remains  the  anterior  portion.  Electrical 
irritation  of  the  pra?-frontal  region  of  the  cortex  in  the  monkey 
causes  no  motor  reaction.    Complete  destruction  causes  no  paralysis 
ot  motion  and  no  sensory  disturbance.    Dr  Ferrier  states  :— 

followe"d°hv  tl"^  antero-frontal  lobes  is  not 

ni^ipHtf  .  definite  physiological  re.sults.     The  animals  retain  their 

appetites  and  instincts,  and  are  capable  of  exhibiting  emotional  feelin..  The 
sensory  faculties- sight,  hearing,  touch,  taste,  and  s.nell-remain  un  mpaired 
Ihe  powers  of  voluntary  motion  are  retained  in  their  integrity,  and  there  is 
ttleto  indicate  the  presence  of  such  an  extensive  lesion  or  a  iVmoyal  of  so 

Xli 'loSiclllvniB^o^'s  •  T  ^"''i?*'  notwithstanding  this  apparent  absence  of 
pnjsio  ogical  symptoms,  I  could  perceive  a  very  decided  alteration  in  the 
animal  s  character  and  behaviour,  though  it  is  difficult  to  state  L  precise  tenns 
the  nature  of  the  change.  The  animals  operated  on  were  selected  on  acco™t 
of  their  inte  ligent  character.  After  the  operation,  though  they  m  Tt  seem  to 
one  who  had  not  compared  their  present  with  the  past  fairly  im  to  t l  e  avem^e 
tion    T^f^in  l''f  "ndergone  a  considerable  psycholog  cal lltem- 

'  °  '■''•!  ^""g  actively  interested  in  their  surroundin-s  an  1 

curiously  prying  into  all  that  came  within  the  field  of  their  observat  on  tfiev 
remained  apathetic  or  dull,  or  dozed  off  to  sleep,  respondin  "  on  v  tHensatio^^^ 
or  impressions  of  the  moment,  or  varying  thjir  listlessnels  X?4t?ess  ai  d 
purpo.se  ess  wanderings  to  and  fro.  While  not  actually  deSed  of  intp,'  ' 
gence,  they  had  lost  to  all  appearance  the  faculty  of  attent  vfrnd  inteni^e  it 
observation    (Functions  of  the  Drain,  1st  ed.,  p.  231).  mteuigeiit 

_  Thus  the  frontal  lobes  appear  to  have  to  do  with  cognition  and 
intellectual  action.  If  .so,  the  grey  matter  on  the  surface  of  the 
brain  may  be  mapped  out  into  three  great  areas-an  area  concerned 
m  cognitions  and  volitions  in  front,  a  motor  or  ideo-motor  area  in 
the  middle  and  a  sensory  area  behind.  These  distinctions  are  no 
doubt  arbitrary  to  a  considerable  extent ;  but,  if  they  are  retained 
as  the  expressions  of  a  working  hypothesis,  they  are  of  service 
X.ong  ago,  and  prior  to  the  researches  above  alluded  to  Dr 
Hughlmgs  Jackson  pointed  out  that  disease  of  certain  areas  of  o-rey 
matter  on  the  cortex  of  the  hemispheres  may  occasion  epileptifonu 
convulsions,  localized  to  particular  groups  of  muscles.  The  theory 
ot  the  localization  of  motor  functions  has  been  of  great  service  iii 
the  diagnosis  and  prognosis  of  such  diseases.  As  to  the  localization 
ot  the  faculty  of  language  in  the  third  left  frontal  convolution, 
louiuled  on  pathological  evidence,  .see  Aphasia,  vol  ii  p  I7i 

Ihe  functions  of  the  nervous  system  have  now  been  described  • 
but  they  are  so  complicated  and  so  closely  related  to  each  other 
as  to_  make  it  no  ea.sy  matter  to  form  a  conception  of  the  system 
working  as  a  whole.  The  progress  of  discovery  naturally  tends  to 
difierentiation,  and  probably  to  attach  too  much  importance  to  one 
organ  as  compared  with  the  others,  so  that  we  are  in  dano-er  of 
losing  sight  of  the  solidarity  of  the  whole  nervous  system.  Probably 
every  nervous  action,  however  minute  and  evanescent,  affects  more 
or  Jess  tlie  entire  system,  and  thus  there  may  be  an  under-current 
ot  nervous  action  streaming  into  and  out  of  the  nerve-centres 
along  with  a  perpetual  series  of  interactions  in  the  centres  them- 
selves, contributing  to  and  accounting  for  the  apparent  continuity 
of  conscious  experience.  Certain  relations  of  one  nerve-centre  to 
the  others  are  indicated  m  fig.  31.  No  one  now  doubts  that  con-  Con- 
sciousness has  an  anatomical  substratum,  but  the  great  problem  scious- 
of  the  relation  between  the  two  is  as  far  from  solution  as^  in  the  nesT 
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daj's  when  little  or  nothing  was  known  of  the  physiology  of  the 
nervous  system.  Consciousness  has  been  di-iveu  step  by  step 
upwards  until  now  it  takes  refuge 
in  a  few  thousand  nerve-cells  in 
a  portion  of  the  grey  matter  of  the 
cortex  of  the  brain.  The  ancients 
believed  that  the  body  partici- 
pated in  the  feelings  of  the  mind, 
and  that,  in  a  real  sense,  the  heart 
might  be  torn  by  contending 
emotions.  As  science  advanced, 
consciousness  took  refuge  in  the 
brain,  first  in  the  medulla  and 
lastly  in  the  cortex.  But  eveu 
supposing  we  are  ultimately  able 
to  understand  all  the  phenomena 
— chemical,  physical,  pliysiologi^ 
cal — of  this  intricate  ganglionii 
mechanism  we  shall  be  no  nearei 
a  solution  of  the  problem  of  the 
connexion  between  the  objective 
and  subjective  aspects  of  the  I 
phenomena.  It  is  no  solution 
to  resolve  a  statement  of  the 
phenomena  into  mental  terms 
or  expressions  and  to  be  content 
with  pure  idealism  ;  nor  is  it  any 
better  to  resolve  all  the  pheno- 
mena of  mind  into  terms  describ- 
ing physical  conditions,  as  in 
pure  materialism.  A  philosophy  ' 
that  recognizes  both  sets  of  j^he-  Fic..^3l. 
nomena,  mutually  adjusted  and 
ever  interacting,  may  be  no  ex- 
planation ;  but  at  all  events  it  is 
unpretentious,  recognizes  facts, 
and  does  not  delude  the  mind  by 
ofi'ering  a  solution  which  is  no 
solution  at  all.  But  apart  from 
the  ultimate  question  there  is  the 
important  one  of  whether  phy 
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M.,  musele;  SK.,  skin  ;  IIKF., 
reflex  centre  ;  INH.,  inhibitory  centre; 
MOT.,  motor  centre  ;  G.SE.,  centre  of 
general  sensation ;  S.SE.,  centre  of 
special  sensation;  6'.  EQ.,  sense  of  equi- 
librium; FOZ,., volitional  centre;  KM., 
emotional  centre  ;  ID.,  ideational  cen- 
tre ;  EY.,  eye  ;  EA.,  ear  ;  TA.,  taste  ; 
.SiV.,  smell ;  V.,  vessel ;  G.,  gland  ; 
H£-V.,  heart  and  vessels  ;  EL.O.,  elec- 
tric organs  in  some  fishes.  The  arrows 
indicate  direction  of  currents,  by  fol- 
lomng  which  the  influence  of  one 
centre  over  another  may  be  studied. 


siologists  are  on  the  whole  riglit 
in  relegating  sensation  or  consciousness  entirely  to  the  grey  matter 
of  the  brain.  The  facts  of  comparative  physiology  are  against 
such  an  exclusive  notion,  because  we  cannot  deny  consciousness 
to  many  animals  having  rudimentary  nei  vous  systems.  As  already 
said,  research  in  anatomy  and  phj^siology  and  the  observation  of 
disease  have  driven  physiologists  to  adopt  the  view  that  the 
brain  is  the  organ  of  sensation.  This  is  no  doubt  true  in  the 
sense  that  it  ultimately  receives  all  those  nervous  impressions  that 
result  in  consciousness  ;  but  the  parts  transmitting  the  nervous 
impressions  are  in  another  sense  as  much  concerned  in  the  produc- 
tion of  conscious  states  as  the  brain.  This  view  of  the  matter,  put 
forward  by  Professor  John  Cleland  in  1870,  has  not  received  from 
psychologists  the  attention  it  deserves.  His  thesis  is — 
"that  the  consciousness  extends  from  its  special  seat  so  far  as  there  is  con- 
tinuity of  the  impressed  condition ;  that  wlien  an  irritation  is  applied  to  a 
nerve-extremity  in  a  finger  or  elsewhere  the  impression  (or  rather  impressed 
condition)  travels,  as  is  generally  understood,  but  exists  for  at  least  a  irioment 
along  the  whole  length  of  the  nerve,  and  that  as  soon  as  there  is  continuity  of 
the  impressed  condition  from  finger  to  brain  the  consciousness  is  in  connexion 
with  tlie  nerve  and  is  directly  aware  of  the  irritation  at  the  nerve-extremity  " 
(Evolution,  Expression,  and  Sensation,  Glasgow,  1881,  p.  106). 

This  view  is  quite  consistent  with  all  the  facts  of  nervous  physio- 
logy and  presents  fewer  difficulties  than  the  one  generally  held, 
which  drives  consciousness  into  the  recesses  of  the  nerve-cells  in 
the  cortex  of  the  cerebral  hemispheres.  It  appears  to  keep  clear  of 
the  prevailing  error  in  the  philosophy  of  modern  physiology, — that 
of  regarding  the  body  and  even  the  nervous  system  as  a  vast  series 
of  almost  independent  organs,  losing  sight  of  the  community  of 
function  and  interdependence  of  parts,  characteristic  of  the  body 
of  one  of  the  higher  animals. 

C1RCUL.4.TION  IN  THE  BE-A-IN. 

A  due  supply  of  healthy  arterial  blood  and'  the  removal  of  venous 
blood  are  essential  to  cerebral  activity.  The  brain  is  contained  in 
an  osseous  case  of  which  the  total  capacity  is  variable.  The  cere- 
bral substance  undergoes  almost  insignificant  changes  of  volume 
even  under  a  pressure  of  180  mm.  of  mercury.  The  quantity  of 
blood  in  the  cranium  may  vary.  In  the  rabbit  not  more  than  1 
per  cent,  of  the  total  quantity  of  blood  of  the  body  (equal  to  about 
5  per  cent,  of  the  total  weight  of  the  organ)  is  present  at  any 
one  time  in  the  brain,  whereas  in  the  kidney,  by  weight,  the  blood 
may  amount  to  nearly  12  per  cent.,  and  in  the  liver  to  as  much  as 
nearly  30  per  cent.  (Foster).  If  a  small  round  window  be  made  in 
the  cranium  and  a  suitable  piece  of  glass  fitted  into  it,  the  veins 
of  the  pia  mater  may  be  observed  to  dilate  or  contract  if  inter- 
mediate pressure  be  made  on  the  veins  of  the  neck.     There  is 


evidently,  then,  within  the  cranium  some  arrangement  by  which 
such  variations  become  possible.  This  is  probablj'  accomplished  by 
the  anatomical  arrangements  of  the  sub-arachnoid  spaces.  These 
spaces,  containing  fluid,  communicate  freely  with  each  other  and 
w  ith  the  space  surrounding  the  spinal  cord,  so  that  when  the  quan- 
tity of  blood  increases  in  the  cranium  a  corresponding  quantity 
of  fluid  escapes  into  the  spinal  space,  the  Avails  of  which  are  not 
inextensible  like  those  of  the  cranium.  In  young  children,  before 
the  fontanelles  are  closed,  the  variations  of  circulation  and  blood- 
pressure  cause  pulsations,  of  which  there  are  two  kinds — those 
coinciding  with  the  ventricular  systole,  produced  by  the  i)ulsation 
of  the  ai  teiies  at  the  base  of  the  brain,  and  those  coinciding  with 
expiration.  Pressure  on  the  brain-substance  beyond  a  limit  leads 
to  paralysis,  unconsciousness,  and  death.  The  large  sinuses  prob- 
ably assist  in  equalizing  internal  pressure,  and,  as  inspiration  favours 
the  flow  of  blood  from  the  sinuses,  too  great  distension  of  these  is 
also  avoided.  Vaso-motor  nerves  regulate  the  calibre  of  the  arteri- 
oles of  the  brain,  but  we  know  nothing  of  the  conditions  aff'ecting 
the  nerves.  Nor  do  we  know  how  the  waste-x^roducts  of  the  brain 
are  got  rid  of.  There  are  no  lymphatic  vessels,  but  there  are  spaces 
around  many  of  the  vessels.  These  probabl}'  communicate  with 
the  cavities  in  the  membrane  containing  the  cerebro-spinal  fluid, 
the  value  of  which,  as  suggested  by  Foster,  "depends  in  all  prob- 
ability more  on  its  physiological  properties  as  lymph  than  on  its 


Fig.  32. — Injected  convolution  of  cerebrum  (Duret).  1,  1,  medullai-y  arteries  ; 
1',  gi'oup  of  medullary  arteries  in  fissm-e  between  two  neighbouring  con- 
volutions ;  1",  arteries  of  system  of  arcuate  fibres ;  2,  2,  2,  arteries  of  grey 
substance  of  cortex ;  a,  large-meshed  capillary  network  situated  under  pia 
mater ;  6,  smaller-meshed  capillary  network  situated  in  middle  layers  of 
cortex ;  c,  somewhat  larger  network  in  internal  layers  adjoining  white  sub- 
stance ;  d,  capillary  network  of  wliite  substance. 

mechanical  properties  as  a  mere  fluid. "  The  grey  matter  is  much 
more  richly  supplied  with  cajjillaries  than  the  white  matter,  as  seen 
in  fig.  32. 

Cranial  Nerves. 

The  general  anatomy  of  these  nerves  is  described  under  Anatomy,  Cranial 
vol.  i.  p.  880  sq.,  and  it  remains  only  to  enumerate  their  functions,  nerves. 
Their  deep  roots  have  also  been  alluded  to  in  treating  of  the  medulla 
oblongata  and  the  pons  Varolii  above. 

1.  The  olfactory  nerim.    The  nerve  of  smell  (see  Smell). 

2.  The  op<ic  nerve.    The  nerve  of  sight  (see  Bye). 

3.  The  ocnlo-motor  or  third  iieri'e,— motor,  snjiplying  all  the  muscles  of  the 
eyeball  except  the  superior  oblique  and  external  rectus  ;  it  also  supplies  the 
circular  fibres  of  the  iris  and  the  ciliary  muscle  (see  Eye). 

4.  The  pathetic  or  fourth  nerve,— motor,  supplying  the  superior  oblique 
muscle. 

5.  The  trigeminal  or  ffth  nerve.  It  has  three  branches  :  (A)  The  opldhabnio 
division  of  the  fifth,  or  nerve  of  Willis,  is  sensory  and  supplies  (a)  the  skin  of 
the  forehead,  the  eyebrow,  the  upper  eyelid,  the  root  and  lobule  of  the  nose  : 
(h)  the  palpebral  and  ocular  conjunctiva,  the  raucous  membrane  of  the  lacrymal 
passages,  the  frontal  sinuses,  tlie  upper  part  of  the  nasal  mucous  membrane  ; 
(c)  the  cornea,  the  iris,  the  choroid,  and  the  sclerotic  ;  (d)  the  periosteum  and 

bones  of  the  frontal,  orbital,  and  nasal  regions  ;  and  (c)  muscular  sensibihty  I 
to  the  intra-orbital  muscles.  It  also  influences  the  secretion  of  the  lacrymal 
gland.  It  contains  the  fibres  from  the  sympathetic  governing  the  radiating 
fibres  of  the  iris  (see  Eye),  and  also  the  vaso-motor  fibres  for  the  iris,  choroid, 
and  retina.  It  is  associated  with  the  otic  ganglion.  (B)  Tlie  superior  viaxillary 
division  of  the  fifth  furnishes  sensory  branches  to  (a)  the  skin  of  the  lower 
eyelid,  ala;  of  the  nose,  upper  lip,  and  skin  covering  the  malar  bone ;  (b)  the  ^ 
mucous  membrane  of  the  nasal,  pharyngeal,  and  palatine  regions,  the  maxil- 
lary sinuses,  the  gums,  the  upper  hp,' and  the  Eustachian  tube;  (c)  the  peri- 
osteum of  the  bones  corresponding  to  its  distribution  ;  and  (d)  the  teeth  of  the 
upper  jaw.    It  furnishes  filaments  to  the  nasal  and  palatine  glands,  and  prob- 
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a,bly  to  the  glands  of  the  velum  palati.    It  contains  vasn  mnt,,,-  ni ,.  r 
the  .sy„.pathetic  for  the  vessels,  and  is  assodaM  wit  f  tL  sXn  mllt^^^^^ 
ganglion     (C)  The  inferior  maxillary  division  of  the  fifth  co  Ss  ^er±^^ 
branches  to  (a)  the  skin  ol'  the  cheeks,  temples,  lower  lip  "111,^  1  ■  nt  narf  o^f 

I?nt  ™r  f,''''f'"^V-'"/i?°''^  '^'""''^  •  the  micous  n>emb?ane  ,,f  t  *  cheeks 
hps,  gums,  front  part  of  the  tongue,  the  mucous  menihnnp  nf  +1;^  t, 

th/  teo?h°"f''ff  ^  i  P-'"«te*-"f  the  W 

^nth»n^,  „  °-  *'if  ^»^^er  jaw;  (e)  the  temporo-maxillary  articulation  "and 
(/)  the  muscles  ni  the  neighbourhood  Onuscular  spnsihintvi  "JJ'^"''"'""  .  ^I'd 
an  influence  on  taste,  hearing,  and  "tton  fsefN^^^^^^ 

eye      onlf  ""'^  ^"PP^<^^  ^''^  ^'^^t"^  rnuscle  of  the 

S.  Ihe  auditory  or  eigUh  nerve  is  the  nerve  of  hearin"  rspp  Eab^    t,,  =ri,m-;„ 
h^.r't^  auditory  filaments  it  contains  fibres  f?o  ^t  e  sfnitaVcJ^ar  ca^^^^^^^ 
havnig  to  do  with  impressions  of  movement  in  space  (see  i.r""  39) 

9.  1  he  glosso-2}Jmryngeal  nerve  is  sensory  to  (,,)  tlie  mun  i  s  ni«,,ln-nrp  nf +1, 

tympanum,  the  fenestra  ova  is  auffene  tr/ro  ud  1^1"^  "^."^^ 
cells,  and  the  Eustachian  tube  alon^witr  ft""^'  "'f.  mastoid 

fibres  to  the  muscles  of  the  pLrynx,  but  th.^^s   ouMful    V^^  ^^"1 

ing  specially  the  larynx  •  rs  tl  e  hpa  ft  ■  /\  respn-atory  passages,  includ- 
name  y,  the  base  of  the  Vonn.,;p  ^  ^     PT-'*"'"  d■gesti^'e  tube, 

stomach,  and  piUab  y  thriuodem™  SiV'';^^^^^  P''"'/"^'  cesophagns 
the  inusiles  to  which  it  is  distributed    'Jll  "'"ocular  sensibility  on 

passages  ;  (/)  a  part  of  he  du  ^mate/lrJesZ^^  °'  ""^  ^'^'■^''-^ 

thyroid  muscle  and  a  portion  of  the  arvtenoid  and  bv 
recurrent  laryngeal  to  tlie  rp«f  nf  th^  "'.vtenoia,  ami  oy  (p)  the  inferior  or 

muscular  flbr^e  °of  the  b  oncWa^^  rn  It  Pn^""  '^''y"'' = 

for  the  heart.  In  connexion "-Ith  thu"  nrc^n " vaso-inhibitory  fibres 
fibres  and  fibres  befongi'^  to  e  depresso?^^^  ''"'"'y 
m  the  stomach  (see  NutSitionV  but?t  ?s  dnn  w?/!  ?  «  ""iuences  secretion 
on  the  renal  secretion  (Eritinflfpnep^  t,?  \ '"''i'*''^  has  any  action 
liver  (see  Nutrition)  influences  the  production  of  glycogen  in  the 

mllcutlZftZTzin!  ''it  rves'anlr,v 'F't^i^S  sterno-cleido-mastoid 
branch),  which  suimlies  all  thf  niotor  fi        '^"*t^'?"'=''  ^agus  (internal 

larynx,  except  those  in  the  suoei- oJ  1.rv!f™",  "erve  distributed  to  the 
muscle,  and  also  the  motor  fibres  of  thp  ,^^^'''''  supplying  the  crico- thyroid 
ing  to  Heidenhain,  it  a  so?uppu4  th™f  wif^th  *°  f-U^^^^"^-  Ac^ord- 
^  12.  The  hypoglossal  is  exSfsivelff  . 

the  tongue  and  also  the  sSr^ofd^^sdes'^^^^  °f 
vaso-motor  filaments.  muscles  (see  Anatomy).    It  also  contains 
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Spinal  Nerves. 

mimmmm 

Sympathetic  System 

ganglia  so  prevalent  in  thp  ?  Srey  hhves  originate  in  the 
medullated  fibm  aie  beHeverl  .^^"^P^thetic  system,  whilst  the 
system.    The  trunk  of  tt  f  \  the  cerebro -spinal 


on  each  sSe'^TlFf/'  twenty-four  ganglia  are  placed 

on  eacn  side  I  ns  great  trunk,  as  it  passes  alon.-^  the  sBine  is 
connected  with  the  spinal  nerves,  the  c'onnecting  fibres  be  of 
the  two  kinds  already  descril^ed.    The  grey  fibres  dominate  hi 

"""f '  '""^       n.edullated1a  the  cereSo  s  fna/^ 
these  two  elements  are  mixed  in  various  proportions  in  both  of  the 

tne  mam  tiunks  ot  opposite  sides  generally  unite  in  the  middle 
me  ■  and  at  the  upper  ends  each  trunk,  aftei  being  connecU  w  th 

Sto't'St    "t  'T^'  ''^-T^  ^-^t«>"l«  to  the  cranium  passe 

into  that  cavity  along  with  the  internal  carotid  artery  am  there 
as  well  as  m  other  situations,  comes  into  coniie.x  011  witl  a  t  ^ 
remaining  cranial  nerves,  except  the  olfactory,  auditorrand  ont  ■ 

the  tS  and  1  t  °^  '"'""f  ^  S^'^S^^^n,  as  the  ophthalmic,  with 
with  the  fifth  ^'"^  sub-maxillarv, 

Teventh  or  fS5.1l  tl  ^^J'  °'  t"''^ '  ^^'^  geniculate,  with  the 
l^U-Tlh  Vi  *^'l^J"8■"lar,  with  the  glosso  -  pharyngeal.  •  and 

S  stVaEc  &i'  t"?f  I'f  Oiftfc  fibres  of 

rne  sympatlietic  distributed  to  the  viscera  numerous  "■amj-liq  or  , 
plexuses  m  whicli  ganglia  exist,  are  met  with,  aZ  fm  uen  lv  there 
IS  a  plexus  following  the  course  of  each  vessel  "<^'i^i^"t^y 

the^folSwing  c^tionf       ^^-P^^^-ti^^  -M-riment  has  led  to  Func- 

cervical  and  upper  dorsal  nerves.'  The  fibres  supply  n°  the  radkt 
mg  fibres  of  tlie  ins  also  come  from  that  region  sL  Eye) 

fa)Um  tV^'"°"f'^'''"-^^.''  "^'^'"'  ^""^^  =1"^  of  tlie  thorax  come 
S  flZff    "'tT'  '''''''■'^        ^^P-^-'io'-  tlioracic  gang!  a  and  ' 

iKre,2n::iiYerteb™"'^^*"^«"  ^^'^ 

th>™ilP\V"''"T'''-^^'''-^^^''^^''^''^^^"'^**  come  from  the  cord 
thiough  the  sciatic  and  crural  nerves,  whilst  those  of  tl  e  r,Plv,V 
organs  are  derived  from  the  abdominal  ganglia  of  ti  e  sym  t£i  ' 
SBllm  hn  n  ^"''^""^"^'^'•^  aMominal  viscera  exist  c&  in  S; 

b?d   IV  d  from  tV  ^^^'^^  ^-"PPly^^S  the  stomach  a/p  ar  to 

ue  aeriveu  tiom  the  pneumogastric 

Ji'ernentsofCornparative  Amlfnw!^H?17       nvertebrates  consult  Gegenbauer 
Lankester:  Lond^on,  1878)  Tr  t^hf  con~  "^'^"j^^        ^^'^  ^- 

Anatomy  of  Vertebnctes  (3  vols  Londo^^SuV  fo^^l^^^i  °^ 'l"'^'^^  O^^^"- 
Quain,  fflcmrft<so/^,«,?om«  (9th  prt  P.'  K,?  ii'i  rr  t*"'-'  ''"'"a"  anatomy 
G.  D.  Thane,  London,  m?;  &eneVS  T.hvst  o"v  P  \  ^"'t 

logy  (4th  ed.,  London,  1S83)   fSrspeciS '^letl^^^^^ 

Nouveaux  Alemints  dl  PlZikoTie  Hnwah^ff^!^  ,  physiology,  H.  Beaunis, 
for  the  functions  of  the  crSCwsfpw        ''^'v  ^^^l) :  (special!^ 

York,  1872)-  Ferrier  (9»  rti  F ,  f^  ^  i'J     PJ"J^wlogy  of  Man  (vol.  v.,  New 
ed.)  ;:Meynik,  "Sn  th's  Lfo^Smil     ifst^V^f^"';''",^'  ^^'^^ 

also  ''Ziu- Anatomic  und  Entw  ckel  ints"^^^^^  ^876), 
Grosshirn  des  Menschen,"  in  Du  Ss  Relmo^^^^^^  Jer  Leitungsbahnen  im 
1881);  Gudden,     Expe rimentelimtpv^,,n^!  ^:<='"«'/'"- ^""tomif  (Leipsic, 

centrale  Nerveilsystem'"  r.2^?A  f  Xfl^,w^'".  ^'^'^  Peripherische  und 
Untersuchungen  ilber  das  ffeftf™  (n^wS  874>^™rol't'  ^rV'',''-  "•^>  ^  Hitzig, 
nngen  des  Grosshirns,"  in  PfluS Trrt;,,  ntVn  '  S'^'^ 
the  localization  of  function  irthp  cm^tpv  np^  ,  'i.'''-'°j^''^  discussion  on 
Cong.  (vol.  i.,  I88I,  p.  2  s)  Munk  Uel^r  dT^"'  ^ed. 
Berlin,  1881);  Rc>k,  Treatise  Z  the  D  ^^^^  der  Grosshirnrinde 

London,  1SS3).  J-nseases  of  the  Nervous  System  (2d  ed 

(J.  G.  M.)  ' 


The  body  of  a  plant,  like  that  of  an  animal,  consists  of 
one  or  more  structural  units  which  are  termed  "  ceUs and 

ndfvfdtli","  '""f^'       ''''  essentially  of  an 

individualized  mass  of  protoplasm 

protopIa^m'^W  f '"''T  ^^^^"^^'^^^  composition  of 
protoplasm  have  been  already  considered.    It  need  onlv 

con  :t  o1-  Zl  ''f  i'^t^^^^"^^  cell-contents  do  nt 
consist  ot  pure  protoplasm,  but  that  the  protoplasm  con 

^Ty\rof  tt'ii^t^'  '^'ff'f  ~  -bstatr^hTch 
fTLrl  f      f  ?         °^  ^^ich  may  have  been 

protZm'-l;  T  Wl^'  °f  the'metabdfm 

protoplasm ,  it  is  to  the  presence  of  these  particles  that 
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the  granular  appearance  of  protoplasm  is  largely  due 
Moreover  there  is  present  in  the  protoplasm  of'  the  eel  ' 
n  the  vast  majority  of  cases  at  least,  a  well-defined,  igh  y: 
refractive,  usually  somewhat  spherical  body,  als^  proto- 
plasmic in  nature,  the  nucleus  ^ 

sen^'intoTt  ^^^f^^l^ting  the  body  of  a  plant  pre- Cell- 
pro  m  L^  cases,  the  important  peculiarity  that  the  walls, 
pro  opiasn  is  enclosed  m  a  membrane  termed^he  "cell 
wall.  This  membrane  does  not  consist  of  protoplasm  but 
of  a  substance,  cellulose,  belonging  to  the  ^  '7/  the 
carbohydrates,  and  having  the^omula  .0^3  All 
cell-walls  do  not,  however,  consist  exclusivei;  o  tWs  sub 


